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I. Remarks on Dr. Mills’s Researches on Thermometry. 
By T. H. Toorpz, Ph.D., F.RS., and A. W. Ricxer, M.A.* 


A PAPER by Dr. Mills, F.R.S., entitled ‘‘ Researches on 
Thermometry,’’ has recently been published in the Trans- 
actions of the Royal Society of Edinburgh for 1880. We are 
ourselves engaged in a comparison of the air- and mercurial 
thermometers ; and therefore, when Dr. Mills was good enough 
to send us a copy of his paper, we naturally read it with con- 
siderable care and interest. Of the labour which he has ex- 
pended on several difficult thermometer-corrections we cannot 
speak too highly; but there are a number of points concern- 
ing which it would be desirable to have further information. 
Some of the difficulties we have found may be due either to 
errors, or to insufficient explanation of the terms and symbols 
used ; and in view of the latter possibility and to avoid mis- 
understanding, we have been compelled to discuss the very 
simple mathematical formule employed with what may be 
thought excessive minuteness. Dr. Mills divides his paper 
into six sections; and we shall head our remarks concerning 
any one of them by the title which he has affixed to it. The 
sections are :— 
I. Calibration and the calibration unit. 
II. The correction for the exposed thread. 
III. The movement of the zero with (1) time and (2) 
temperature. 
* Communicated by the Authors. 


Phil. Mag. 8. 5. Vol. 12. No. 72. July 1881. B 


2 Messrs. Thorpe and Riicker’s Remarks on 


IV. Poggendorff’s correction. 
V. Comparison of the mercurial with the air-thermometer. 
VI. Effect of compression. 


In the present paper we confine our observations to the 
second and third of these points; in a subsequent communica- 
tion we may have something to remark on the others. 


The Exposure Correction. 


An account is given of a very lengthy series of experiments 
made to determine the correction due to the difference between 
the temperatures of the mercury in the bulb and in the stem 
of a thermometer when the latter is not immersed in the sourée 
of heat. This has usually been expressed as follows :—If N 
is the number of exposed scale-divisions, T—z¢ the difference 
between the readings of the principal thermometer and of a 
second thermometer attached halfway up the exposed column, 
and if yis the correction (of course expressed in scale-divisions), 
then 

y='0001545 (T—2Z)N. 


The number ‘0001545 is the coefficient of the apparent expan- 
sion of mercury in glass ; but there is no doubt (as Holtzmann, 
Mousson, and Wiillner have long since pointed out) that this 
makes the value of y too great. 

Dr. Mills deduces from his experiments a corrected formula 


of the form 
y=(at+ PN) (T—A)N. 


The expression «+N, for shortness, he indicates by z. We 
have here two points to notice. 

Dr. Mills finds that 2 has different values for different ther- 
mometers, and then says (on p. 571):—“ The values of y agree 
[7. e. in the case of the undernoted thermometers |, first when 
N has the following values:— 


Thermometer. NG 

Saricisieie tats axe Pre 0:0 

OE re ee 166°0 

sR eae whaiehwds che 278°6 
eee eakick danse Masel pone 


It is evident that y is here a misprint for z,.as y must 
vanish when N=0, and can vanish for no other positive value 
of N. Hence it is impossible for the correction for a thermo- 
meter with an exposed column 166 divisions long to be equal 
to that of another when no part of the column is exposed ; for 
the former cannot (unless T=¢), and the latter must, be zero. 

For equal values of T—?, the correction for thermometers 2 
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and 3 will be equal when (using an obvious notation) 
(a + ByNo)No= (a3 + B3N3)Nz. 


If we put N3;=166 and use the coefficients given in the paper, 
we get a quadratic in Ng, viz. 3 


(00014148 + -000000037880 N,)N, 
= (-00013197 + 000000057030 x 166)166. 


Solving this by approximation, we find that N, is (neglecting 
fractions) 159. Instead, therefore, of the correction being 
the same (as the unfortunate slip with respect to the substitu- 
tion of y for z might easily lead an unwary reader to believe) 
when the number of exposed degrees differed by 166, it was 
the same when they were 159 and 166 respectively and there- 
fore differed only by seven. 

We have not thought it worth while to find the correspond- 
ing values of y for the other two thermometers employed, as 
the following method of comparing the results appears to us 
to be more satisfactory than that given above. 

The interval between the freezing- and boiling-points was 
apparently divided into 400 divisions. If, in order to make 
the differences large, we make the very favourable suppositions 
that the whole scale was in each case exposed so that N=400 
and that T—t=100° C., we obtain for the values of the cor- 
rections for the thermometers 6°2652, 6°2312, 5:9443, and 
6°3076. As each division was about a millimetre long, it 
must have been impossible to read with certainty to less than 
a tenth; and thus the first place of decimals only is significant. 
So far, therefore, from proving that each thermometer “has 
its own independent equation for exposure correction,” these 
results seem to us to show that the exposure corrections below 
100° C. are, in the case of three out of four similar thermo- 
meters, practically identical. If the formule are intended to 
apply to the measurement of temperatures higher than 100°, 
in which case the differences between the corrections would 
be greater, experiments ought surely to have been made above 
that temperature. ; 

The second point we have to notice is a mistake in trans- 
forming the expression for the correction from scale-divisions 
of the thermometers to degrees Centigrade. It is evident, if 
we consider the case of the same thermometer having two dif- 
ferent scales engraved upon it, that the value of the correction 
in terms of a scale-division must be inversely proportional to 
the length of a division, and therefore directly proportional to 
N, or the number of divisions exposed. Hence the factor 

B2 
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a+ N in the expression 
y=(a+BN)(T—2)N 


must be independent of the scale. Thus, if we change froma 
scale in which the length of the exposed column is measured 


by N scale-divisions to another in which it is measured by ee 


we must change 6 to n®. As, therefore, a scale-division of 
the thermometers used corresponded to a quarter of a degree, 


N divisions on this scale correspond to x divisions when de- 


grees Centigrade are employed; and thus we must multiply’8 
by 4. 

The mean expression for 2 in terms of scale-divisions ob- 
tained from the observations on ihe four thermometers is 


«= 000138321 + 000000053046 N. 


Dr. Mills writes (p. 571), as the equivalent of this when the 
degree Centigrade is the unit, 


2='00013321 + 000000013261 N. 


He has therefore divided the coefficient of N by 4 instead of 
multiplying it by that number, and has thus not only allowed 
a serious error to creep into what is perhaps the most import- 
ant formula in his paper, but has done himself the great injus- 
tice of making his own correction appear sixteen times less 
than it really is. 

If the above expression for w is taken as it stands, the second 
term in the expression for y is 


0000000138261 (T—z)N? ; 
and if 
T—t=N=100, 
this becomes *013261. 

Now a thermometer graduated for 100°, and on which it was 
possible to read to the hundredth of a degree, would be of inor- 
dinate length ; and as the millimetre divisions on Dr. Mills’s 
thermometers corresponded to 0°25, he could not possibly 
have read to less than 0°02. In other words, if the formula 
as given is correct, the term added by Dr. Mills to the expres- 
sion for y may not only be neglected for all ordinary instru- 
ments, but would have been absolutely inappreciable on those 
he used. 

The correct value of y in terms of the Centigrade scale, as 
deduced from Dr. Mills’s experiments, is 


y= (‘00013821 + :000000212184.N)(T—2)N. 
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Zero Movements. 


With regard to the investigation of the movement of the 
zero, we would remark that it would have been simpler to use 
a formula which expressed the use of the zero directly. The 

expression adopted by Prof. Mills is 
3 Y= Aa? + BS", 

where x measures the time, and A, B, « and 6 are constants. 
The quantity y is called the total remaining ascent, and “A+B 
represents the total ascent,’ 7. e. the whole rise up to some 
fixed time. 

The rise of the zero (Z) up to the time w is therefore evi- 
dently 

Z=A+B—y; 


and the tables would have been more useful had this quantity 
Z been given instead of y. 

The account of the movement of the zero with temperature 
is so involved that it constitutes a riddle which it took us 
some time to read. We quote the opening sentence :— 

“Tt has long been known that the immersion of a thermo- 
meter into boiling water almost invariably lowers the zero. 
The only consecutive series of observations of the effect of 
temperature that I have been able to find is due to Henrici*. 
His results are readily comprised in the equation 


y=2-100(-981)*—-099(1:360)*; 


y being the total remaining ascent, and the unit of « being 
10° ©. The starting-point of the observations was 50° C.; 
and the depressions were consecutively observed at every 10° 
to 100°. 

“Table vii. 


ie Zero observed. Oe y cale. 

Oe tes 0:00 2°00 506 

Lg aoe —0:10 1-90 1-92 

3 —0°25 1-75 1-73 

EON anit —0-40 1:60 161 
See —0-60 1-40 1-45 a 
Probable error of a single comparison ...... 023 


The formula here employed is of the same form as that used 
above, except that one of the terms is negative. The quantity 
y is, as before, called “the total remaining ascent.’’? The 
effect of heating the thermometer having been to depress its 


* «Poge, Ann, 1. 251,” 
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zero, the total ascent one would naturally suppose would be 
equal to the total depression ; or, if the secular elevation of 
the zero could not be neglected, the “total ascent,” however 
it might be compounded of this and of the temporary effect due 
to heating, would at all events increase with the temporary 
depression. 

_ The table, however, shows that y grows less as the depres- 
sion of the zero increases; and it is only from it that we are 
able to gather the relation between y and the position of the 
zero. ‘If 

y= Aa’ — BB, 


and Z be the change in the position of the zero (depressions 
being taken as negative), then 


Z=— {A—B—y} =—2+y 
in the example given. 

But though this expression is algebraically similar to that 
obtained for the secular movement of the zero, the meaning 
of the quantity y is quite different. In the first case it is the 
amount by which the reading for the zero falls short of a posi- 
tion which may be attained at some future time. In the 
second case it is the amount by which the depression of the 
zero falls short of that which may be produced by some future 
heating. If therefore any such name is to be applied, it should 
here be the total remaining descent. Hven with this modifi- 
cation, however, the nomenclature is very misleading, as there 
is nothing to show that the points from which the “ remaining” 
ascent or descent is measured are really limits to the motions 
of the zero. 

The experiments on three other thermometers (455, 3, and c) 
are then described:— 

“The results for thermometer 3 are given in terms of its 
scale, one division of which was equal to 0°:280. The equa- 
tions are— 

Yas5 = 2°869 ('998)* —*143(1°324)*, 
yz =4°723(1:006)*—:723(1:1964)*, 
y, =1:112(-9986)*—-112(1:299)°. 


the values of a unit of 2 being respectively 13°, 20°, 38°.” 

It will be observed that all these expressions are similar to 
that given above for Henrici’s thermometer. In all y is posi- 
tive for small values of x ; in all it diminishes as x increases. 
The three formule are illustrated by a table ; and for all three 
the tabulated values of y are of the same sign. Both formule 
and table would therefore lead us to expect that, as in the case 


Dr. Mills’s Researches on Thermometry. 7 


of Henrici’s thermometer, the zeros were depressed, and that 
the depression increased with the temperature to which the 
thermometer was subjected. 

Immediately after giving the table, however, Dr. Mills says 
(p. 579):— “ The starting-point of the observations with ther- 
mometer 455 was 168°6. When in its equation y=0, 
az=10°61, the ascent under the influence of heat was thus 
converted into a depression after 306°5.”’ We shall have 
presently to refer to this change of direction of the motion of 
the zero. It is for the moment sufficient to say that no expe- 
riments were made at a temperature so high as 306°, and that 
therefore over the whole range of the observations the zero 
ascended. It is, however, hardly fair to the reader to leave 
him to gather, from the remark just quoted, a fact of which 
neither the formula nor the table gave any hint, viz. that 
thermometer 455 behaved differently from Henrici’s, and that 
the zero ascended under the influence of heat. As to what 
the nature of this ascent was we are in the dark. Does Prof. 
Mills mean that the first heating depressed the zero, and that 
by subsequent heatings this depression was diminished? Or 
does he mean that the first heating raised the zero, and that 
subsequent heatings increased this elevation? We presume 
the former hypothesis is the correct one; but, as far as we can 
see, there is nothing either in the formule, the table, or the 
text to assure us of this. The fact, however, that in some 
cases heating raised the zero, probably supplies the reason 
for retaining the name “total remaining ascent,’ a descent 
being considered a negative ascent. But even if this could 
be justified by the analogy of such expressions as negative 
acceleration, it certainly does not assist the reader to assume 
that he will understand that an ascent is really a going down, 
without informing him of the convention which has been made. 

We have dwelt at length on these points, not from any wish 
to draw attention to mere faults of exposition, but because we 
have now a much more serious matter to refer to; and we 
wish to show that if in this we have misunderstood Dr. Mills, 
it is because he is not very easy to understand. On page 578 
Dr. Mills says :— 

‘The depresssion at 100° in Henrici’s instrument is by far 
the largest at present recorded. It can easily be shown from 
the equation, that y=0 when #=9°35; so that the zero in this 
case would have begun to vise after the immersion of the bulb 
in a bath at 143°5.” 

Remembering that 

y= 2°100(:981)*—:099(1:360)*, 


~ 
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and that the relation between y and the position of the zero, as 
gathered from the table given above, is 
Z=—2+y, 

we are at a loss to understand this remark. The depression 
of the zero Z becomes greater as y becomes less; and this is 
no way affected by the passage of y through the value 0. For 
numerically increasing negative values of y we get increasing 
depressions, It seems, therefore, that the statement that the 
formule point to a change in the direction of the motion of the 
zero is due to a confusion between Dr. Mills’s y and our Z, 
and that, as a matter of fact, no such change is indicated. If 
we are wrong in this conclusion, we can only apologize to Dr. 
Mills and ask him to state what y really means. If we should 
turn out to be right, we are afraid this error upsets all the 
inferences drawn by him from his formule. But even if we 
have misunderstood the meaning of Dr. Mills’s y, the deduc- 
tions in question appear to be open to grave criticism. ~ 

The conclusion drawn from the experiments is, that “the 
zero of an ordinary vacuous mercurial thermometer undergoes 
three distinct movements under the influence of heat. It is 
at first depressed under the action of temperature, varying 


with each particular case..... The further application of 
heat causes the zero to ascend..... , after which it again 
descends.” 


If we call the temperatures at which these changes take 
place turning-points, the following table fairly sets forth the 
grounds on which the conclusions are based. 


TABLE I. 


i 
| | Dr. Mills’s. 
Thermometer. | Henrici’s. | 

| 455, 3. C. 


—168°-6 | 40°0 | 48°71 | 
2726! 4-000} 1:000 
2962-8 | 120°-0 | 2399-2 


Lowest temperature to which ) | 50°0 
the thermometer was heated } | 
Corresponding value of ¥......... | . 2-000 
Highest temperature to which ) | 100°-0 | 
the thermometer was heated } 
Corresponding value of 7...++..+. 1400 | 0554) 3356] 0-686 
Motion of zero after heating ...) descent | ascent | descent | ascent 


“De Mlllswrscncvessien f| M9°B | 900° | 2567 | B70>8 


Tt will be noticed that in no case is a “ turning-point”’ in- 
cluded within the range of temperatures actually observed; 
and that in all, therefore, the existence of the upper point isa 
theoretical deduction from the formule. We cannot, how- 
ever, allow that such a deduction, even if algebraically cor- 


a 
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rect, is legitimate. Any one who has experience in the mathe- 
matical expression of the results of experiment must soon be 
strongly impressed with the untrustworthiness of empirical 
formule when their application is extended beyond the range 
of the observations themselves. The same series of figures 
can often be represented with almost equal exactness by 
very different mathematical expressions ; and the curves to 
which these are the equations, though closely concordant 
for the range of the experiments, may have outside that range 
very different geometrical properties. We may indeed, in 
some cases, determine the constants in a formula which rests 
upon a theoretical basis from a limited series of experiments, 
and then extend its application; but it is very dangerous to 
argue from the form of a purely empirical equation. Instances 
may be quoted where such a formula has « posteriori been 
proved to hold fora much greater range than could have been 
anticipated ; but it must be admitted that a determination of 
the position of a maximum or minimum from an empirical 
equation is worth very little, even when it lies within limits 
of the experiments, unless special precautions are taken, and 
that deductions as to the position, or even as to the existence, 
of such points when lying far outside those limits are abso- 
lutely untrustworthy. No one, for example, believes that the 
point of maximum density of ethyl alcohol is either at — 56°°6 
or at —89°°5, as deduced by Muncke from two separate and 
fairly concordant expressions for its expansion between 0° and 
its boiling-point. Dr. Mills, however, seems to trust his 
formule implicitly. Henrici observed a thermometer between 
50° and 100°; and Dr. Mills infers a point of maximum descent 
at 143°°5. Thermometers 3 and c were observed for ranges 
of 80° and 190° respectively; and in each case conclusions are 
drawn respecting points about 140° above the highest tem- 
peratures observed. We venture to think, not that there is 
grave doubt as to the exact positions of the alleged maxima 
and minima (that, of course, would be granted), but that the 
formulee afford no evidence of their existence. Hven in the 
case of thermometer 455 it is an open question whether a point 
of maximum ascent or a point of final repose was being 
approached. 

We turn next to the explanation given of the motions of the 
zero-point. ‘‘ The first effect of heat on the bulb is ordinary 
expansion attended with a ‘set.’ The second or further effect 
is to cause the thin part of the glass to become sufticiently 
plastic to yield to the influence of barometric pressure, which 
causes a gradual collapse. In the third, or final, stage, at 
which the vapour of mercury has a sensible tension, the bulb 
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is enlarged by outward pressure due to that cause, and the zero 
descends. If the above view be correct, it would follow that 
a thermometer open to the air and kept always in a vertical 
position would always exhibit a descending zero; the descent 
in the first stage being due to expansion and set as before, but 
in the later stages simply to the weight of the mercury acting 
upon a bulb now rendered partially plastic by heat. I cannot 
find that other investigators have left any record of such an 
experiment.” Dr. Mills then gives the following table to 
show that the zero of an open thermometer observed after 
heatings to 50°, 100°, 150°, and so on up to 350°, fell more 
and more after each heating :— 


Zero (therm. 20). Scale. Depression. 
Before experiment ... +262 C. 0:000 
iter’ 50°. .i2c. setesnes 134 128 

NelOO ro seitt hdeta.: —-058 | 320 

ae yi LEME ame cede saat ‘203 465 

fe OO ee ne ateeson ce 360 | 622 

J TUDO ie tee ae: hae e 547 | “809 

aT ey | 494 | 756 

| 832 


| 99 350 @eeecoetestesesae ‘D70 


“The first seven observations were made consecutively on 
one day, the eighth nearly two days later. The temperatures 
are not corrected.” 

We may point out that observations 6 and 8 in the above 
table are discordant, and that, if we have to reject one, it 
should rather be the eighth, which was made two days after 
the others, than the sixth, which is more directly comparable 
with them. Ifwe therefore reject the last experiment instead 
of the sixth, as Dr. Mills practically does, the table is in con- 
tradiction to his theory, and shows a maximum depression 
after the thermometer was heated to 250°. 

In any case, as the increments of the depressions at higher 
temperatures are less than for the lower, we think Dr. Mills 
ought to have tried whether, if these results were expressed 
by a formula similar to that employed in the preceding cases, 
it would not have given a minimum at some higher tempera- 
ture. The fact that it is impossible to carry on the experi- 
riments much above 350° with mercury is no reason for. 
regarding the formule as less trustworthy beyond that point 
than the others which were treated in this way. 

If by arising zero is meant a zero which is less depressed after 
every heating, some observations of our own prove that it is 
quite possible to obtain this with an open tube. The bulb of a 
Jolly’s air-thermometer of about 90 cub. centim. capacity, 
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the stem of which was graduated in millimetres, was exhausted 
by means of a Sprengel’s air-pump and filled with mercury. 
It was then placed in melting ice; and when the position of 
the mercury in the stem had become constant, it was noted. 
The bulb and its contents were then immersed in boiling water, 
and the reading in melting ice was again determined. The 
zero was found to be considerably depressed; but if the bulb 
was left at the temperature of the air, this depression steadily 
diminished. The experiments of heating the bulb once and 
observing the zero were repeated after an interval of four, 
and again after another interval of thirteen days, with the result 
that after the second and third heatings the zero fell to the 
same position as it had taken up after the first. The method 
of experiment was then changed. The bulb was raised to 
about 100° C.; and the water with which it was surrounded, 
having been allowed to boil for a few minutes, was run off, and 
the bulb was left to cool for half an hour or thereabouts. This 
operation was repeated during three consecutive days, in all 
twenty times; and the zero-point was determined as before. 
The mean depression of the zero immediately after the three 
previous boilings had been 12°38 millim.; it was now found 
to be only 9°35 millim. Twelve days afterwards the alternate 
heating and cooling was again commenced, and in the course 
of five days was repeated fifty times. The depression of the 
zero immediately after the last boiling was 7°71 millim. It 
had therefore been still further reduced. 
The experiments are summed up in the following table :— 
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TABLE II. 
Ra. |: TEP) See Pony 76% ye VI. 
| 
| re 
ae Tee | Ye IIT. IV. eY. 
Gree 1240 | 1235 | 1239) 935 | 7-71 
Melita: aims 966 | 7-61 
ams 9-80 8-49 
ae eis 8:30 
AL 8-50 7-98 oi soe 
Bua ds i vs 5-04 
Odes: 7-08 
Saihadet 6-68 
a . 4-23 
1S, oui 6-20 | 


There were in all, as has just been stated, 5 series of ex- 
periments. Column I. gives the number of days which had 
elapsed since the last heating to which the bulb had been 
subjected in any particular series, at the time when the ob- 
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servations of the position of the zero recorded in the other 
columns were made. The numbers in the other columns are, 
in all cases, the depressions of the zero measured in milli- 
metres below the original position observed before the bulb 
had been heated for the first time, i. ¢. in the first series of 
experiments. : 

These observations, then, show that the depression of the 
zero of an open thermometer diminishes (1) with the lapse of 
time after it has been disturbed by heating, (2) with nu- 
merous and rapidly recurring heatings and coolings. The 
latter of these two phenomena is identical with what we 
understand Dr. Mills to mean by an ascent of the zero; and 
we have therefore proved (as has indeed been noted by other 
observers) that this can be produced by frequent heating; but 
the fact that it has thus been observed in an open tube is 
not in accordance with Dr. Mills’s explanation of these 
movements. 


His experiments differ from ours in the fact that the bulb. 


was raised, not to the same, but to continually increasing 
temperatures; but before any certain conclusions can be 
drawn, it would be necessary to know something about the 
past history of the thermometers employed. . The effect of 
heating is ‘‘ almost invariably ” to depress the zero; the effect 
of frequent heating is to diminish this depression; and thus 
the effect of any particular heating is dependent in part on 
those which preceded it. It has generally been supposed that 
by repeated heating and cooling the fluctuation of the zero could 
be reduced to a very small amount; and Dr. Mills’s experi- 
ments agree with this, in that thermometer 455 (which, as far 
as Itis paper shows, was heated most frequently) is that which, 
according to his formula, was most nearly approaching a 
stationary point. However this may be, it is evident that it 
cannot be the atmospheric pressure which causes the zero of 
an open tube to rise when it is frequently heated, and there- 
fore that it need not be atmospheric pressure which produces 
the same effect in a closed thermometer. 

Summing up, then,—our criticisms on Dr. Mills’s paper are 
as follows:— 

(1) The method of comparing one factor only of the ex- 
posure correction for different thermometers, viz. , instead 
of the whole correction y, tends to exaggerate the importance 
of the variation of the corrections. In the case of three out 
of the four thermometers observed, it is, within the limits of 
the error of experiment, the same for the largest possible ex- 


posure and for a temperature-difference which is probably - 


greater than any of those for which observations were made, 
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(2) The formula for the exposure correction in terms of 
degrees Centigrade is given incorrectly. 

(3) In the investigation of the movement of the zero with 
temperature, we think that, by a mistaken interpretation of 
‘the formula for y, Dr. Mills has inferred the existence of 
turning-points, of which in reality it affords no indication. 
If, owing to the ambiguous definition of y, we are wrong in 
the above supposition, we think that the supposed higher 
turning-points are too far outside the range of the experi- 
ments to admit of the application of the formule to these 
determinations. 3 

(4) For the reasons given we consider Dr. Mills’s ex- 
periments with the open thermometer inconclusive; and the 
inference drawn from them is rendered still more doubtful by 
the results of our own observations. 


Il. On the Conservation of Electricity, and the Absolute Scale 


of Electric Potential. By Professor Sitvanus P. THompson, 
DSec., B.A.* 


i, HE Law of Conservation of Electricity —In art. 35 of 
Clerk Maxwell’s ‘Electricity and Magnetism’ the 
following paragraph occurs :— 

“While admitting electricity, as we have now done, to the 
rank of a physical quantity, we must not too hastily assume 
that it is, or is not, a substance, or that it is, or is not, 
a form of energy, or that it belongs to any known category 
of physical quantities. All that we have hitherto proved is 
that i cannot be created or annihilated; so that, if the total 
quantity of electricity within a closed surface is increased or 
diminished, the increase or diminution must have passed in or 
out through the closed surface.” 

In the paragraphs immediately preceding that quoted, it 
had been pointed out what experimental evidence there is for 
the conclusion that, when the electrification is in any way pro- 
duced, the algebraic sum of the + and — electrifications is 
zero. It results at once from this that, whatever the ultimate 
nature of electricity may be, it so far behaves like an incom- 
pressible fluid as to be subject to a law, resembling the Hydro- 
kinetic Law of Continuity, of the general form 

du dv, dw 

dat dy Tie Fae 
where w, v, w are the three components of the flow of electri- 
city resolved along rectangular coordinates. 


* Communicated by the Author. 
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The experimental evidence which exists forbids us, more- 
over, to think that the absolute quantity of electricity within 
a closed surface can be altered by the transformation of any 
other physical quantity into electricity. For, indeed, electri- 
city belongs to a category by itself. It does not possess mass, 
and therefore is not a form of ordinary matter ; it does not 
conform to the same physical dimensions” as energy, and there- 
fore cannot be in itself a form of energy. Neither matter nor 
energy, then, can be transformed into electricity ; nor can 
electricity be itself transformed into either of these physical 
quantities. 

Therefore any system of electric bodies—that is to say, any 
system whose parts consist of definite quantities of electricity— 
must be regarded as a conservative system, and therefore sub- 
ject, when regarded as a system, to a definite Law of Conser- 
vation. . 

2. These considerations have therefore led the present 
writer to propound elsewheret, in general language, a doc- 
trine of the Conservation of Electricity similar to those already 
recognized as holding good in the case of two other physical 
entities—Matter and Energy. 

The author proposes in the present paper to trace out some 
of the bearings of the doctrine of the Conservation of Hlec- 
tricity, particularly in relation to the questions of the Distri- 
bution of Hlectricity in Space and of the Absolute Scale of 
Hlectrification. 

8. Although the late Professor Clerk Maxwell used the 
clear and emphatic language quoted above, the idea of the 
ultimate Conservation of Electricity appears to have been 
rejected by him, in consequence of the negative results which 
attended his experimental attempt to discover whether an elec- 


* Matter has dimensions [M], Energy [ML?T~?], and Electricity 
[M3 L?T—']. The latter value is obtained from a consideration of the 
Law of Coulomb, that QxQ-+L?= force =[MLT—?]; whence 

Q=[(ML°T~*)?]. 
But the dimensions of self-attractive matter may be similarly considered 
by Newton’s Law that -M.M~+L?= force =[MLT~?], whence 
M=[(—L°T~?]. 
And if this value be put in place of M in the dimensions of Q above, we 
get Q=[¥ —1(L°T—?)], a quantity whose dimensions differ only from 
those of M in being prefixed by the imaginary quantity “7—1. This 
seems to indicate an important relation. 

+ See reference in ‘ Nature,’ vol. xxiv. p. 78, to Preface of the author’s 
‘Elementary Lessons in Electricity and Magnetism,’ and to the indepen- 
dent enunciation of the same doctrine by M. G. Lippmann, in Comptes 
Rendus, t. xcii. p. 1049. 
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tric current possesses momentum*. He expressed himself as 
of opinion that, were any such action to be discovered, we 
should be able to regard ‘‘ one of the so-called kinds of elec- 
tricity ’’ as a “real substance,” and “we should be able to 
describe the electric current as atrue motion of this substance 
in a particular direction.” The experiment which Maxwell 
chose wherewith to test this question consisted in starting a 
current suddenly in a horizontal conducting ring or coil, sus- 
pended by a thin wire in a space in which the horizontal com- 
ponent of magnetic force was absent. He then expected to 
find that, ‘‘if electricity were a fluid like water,” then at the 
moment of starting the current, and while its velocity was in- 
creasing, there would be a mechanical reaction upon the con- 
ducting coil or ring which would set the coil in rotation in the 
opposite sense to that of the flow of the current, a cessation 
of the current being likewise accompanied by a rotational 
reaction in the same direction as the flow. No such pheno- 
menon was, however, observed. It is rather difficult to un- 
derstand how a mechanical reaction could have been expected. 
To start a current in the coil requires the application of elec- 
tromotive force, not of ponderomotive force. The suggestion 
appears, indeed, to have arisen out of a dilemma which is stated 
in art. 568 of Maxwell’s treatise, as to whether the energy of 
an electric current is ‘of that form which consists in the 
actual motion of matter (kinetic energy), or of that which 
consists in the capacity for being set in motion’’ (potential 
energy). The solution to the dilemma is, that energy is not 
necessarily of either of these kinds, but may also be either 
electrokinetic or electropotential if of that form which consists 
in the actual motion of electricity or of that which consists in 
the capacity of electricity for being set in motion. We must, 
of course, accept the view that a system containing an electric 
current “is a seat of energy of some kind”’—and that this 
energy must be of a kinetic order “since we can form no 
conception of an electric current except as a kinetic pheno- 
menon”’ (Maxwell, art. 552). Yet its energy is certainly 
not ponderokinectic, but electrokinetic, being the energy 
which moving electricity has in virtue of its motion. 

One other consideration advanced by Maxwell, as against 
the supposition that the electricity in the conductor may be 
regarded as the moving body in which we are to find the 
energy, is that whereas the (electrokinetic) energy of the cur- 
rent depends upon the external medium and its conditions, as 
well as upon the current itself, the (ponderokinetic) energy 
of a moving mass “does not depend on anything external to 

* ‘Electricity and Magnetism,’ art. 574. 
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itself.” But here again the reasoning is at fault; for the 
kinetic energy of a moving body is equal to the half-pro- 
duct of its mass into the square of the velocity in space of its 
centre of inertia, a velocity which must be reckoned as rela- 
tive to something else, and which depends therefore upon the 
external conditions*. 

It would appear, then, that kinetic energy may be of either 
of two kinds—ponderokinetic and electrokinetic; and that 
potential energy may also be of two kinds—namely, either the 
mutual energy of two masses of self-attracting matter, or the 
mutual energy of two quantities of self-repelling electricity 
(see below, § 5). 

4. Relations between Matter, Energy, and Electricity —Of - 
the three conserved physical quantities, Matter, Hnergy, and 
Hlectricity, it would therefore appear that two, namely Matter 
and Hlectricity, stand each in very similar relation to the third, 
Energy. The following facts bring out this relation:— 

(a) To set matter in motion requires the expenditure of 

energy. 

(a) To set electricity in motion requires the expenditure of 

"energy. 

(b) When the motion of matter is arrested its (pondero-) 
kinetic energy reappears in the form of heat (or some 
other equivalent form). 

(C8) When the motion of electricity is arrested, its (electro-) 
kinetic energy reappears in the form of heat (or some 
equivalent form). 

(c) Energy spent upon an elastic body, when it suffers a 
strain under the action of a stress, passes from the (pon- 
dero-)kinetic to the (pondero-)potential state. 

(y) Energy spent upon a medium which possesses electric 
elasticity (see Maxwell, Art. 50), such as glass, air, 
vacuum, or any non-conducting dielectric, causes it to 
experience a strain which is partly electrical (2. e. an 
electrical displacement) and partly mechanical, the 
(electro-)kinetic energy passing over into potential 
energy, part of it consisting in the displacement of 
electricity against an electric reaction (7. e. an electro- 
motive force), part of it consisting in the displacement 
of matter against a mechanical reaction (17. e. a force). 
In the preceding case (c) of mechanical stress producing 
mechanical strain, as when an elastic metal rod is struck, 
there is also (as Volpicelli has shown?) a partial passing 


* See also Clerk Maxwell, ‘ Matter and Motion,’ art. cx. 
+ Volpicelli, Comptes Rendus, t. xxxvili. 15 Mai, 1854. 
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of the mechanical kinetic energy into the energy of 
electric displacements. 

(d) The vibration of matter when arrested changes into 
heat or some equivalent form of kinetic energy. 

(6) The vibration of electricity (7. e. light, according to the 
view adopted in § 7 below of the electromagnetic theory 
of light as interpreted by the doctrine of the Conserva- 
tion of Hlectricity) when arrested or absorbed changes 
to heat (unless, as shown later, the vibrations are too 
oe be comparable to the periods of calorific oscilla- 
tions). 

(e) The force with which a particle of matter acts upon 
another particle of matter varies inversely as the square 
of the distance between them, when the distance is varied, 
and is of the nature of an attraction. (Law of Newton.) 

(e) The force with which a quantity of electricity (at a 
point) acts upon a similar quantity of electricity varies 
inversely as the square of the distance between them, 
when the distance is varied, and is of the nature of a 
repulsion. (Law of Coulomb.) 

3. Ponderomotive and LElectromotwe Forces.—The force 
with which one quantity of electricity acts upon another 
quantity of electricity may be regarded either as an electro- 
motive force or as a true ponderomotive force; for it tends to 
move electricity, and also to move matter, if matter be asso- 
ciated with the electricity. If measured as a (ponderomotive) 
force by any ordinary means of measuring forces, it will in 
general be expressed by a numerical value different from 
that in which it would be expressed as an electromotive force 
by any of the ordinary measurements of electromotive forces. 

An instructive example of this relation between pondero- 
motive and electromotive force is afforded by a consideration 
of the action of a quantity of electricity at any point A upon 
a small sphere, electrified with an electrification of the same 
sign, at a distant-point B. The action of A is a repulsion 
exerted upon the matter of the sphere, which repulsion can 
be measured by balancing it against the torsion of a fibre or 
any other suitable mechanical force. But A also acts upon 
the electricity with which the sphere at B is charged, and 
repels it, with an electromotive force. If the sphere is moved 
against a mechanical reaction, such as that of the torsion of a 
fibre, work will be done ; and its value will be the product of 
the average force into the distance through which the sphere 
is moved. If the electricity is moved against the electric 
reaction of some other electromotive force, work will be done 
equally. This may be accomplished either, (7) by the elec- 

Phil. Mag. 8. 5. Vol. 12. No. 72. July 1881. C 
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tricity being repelled through a conductor against some 
existing electromotive force, thereby doing work (as, for 
example, by being sent through electrolytic cells, where it 
does electrochemical work against the electromotive force of 
the cells) ; or (a) by the charged sphere being itself moved 
(mechanical forces being supposed absent), the work in this 
case being the half-product of the quantity of electricity 
moved into the difference of potentials. In any case the 
potential energy of the system, as at first supposed, will 
reappear as energy in the final configuration of the system, 
whether that energy be transferred from its initial distribu- 
tion to its final distribution in the system by electrical or 
mechanical reactions. 

It is well recognized that the kinetic energy of a moving 
mass may be transformed into other forms of kinetic energy, 
the value of the transformation depending on the conditions 
of the transformation. So, also, the potential energy of a 
system may be transformed into either of the two kinds of 
kinetic energy and be re-transformed into potential energy by 
transference through the system under appropriate condi- 
tions, the force exhibited during the operation being pondero- 
motive or electromotive according to whether, in the round 
of changes from the initial to the final state, the energy is 
applied to the reaction of matter upon matter, or to that of 
electricity upon electricity. 

6. Relation of Matter, Energy, and Electricity in respect of 
Distribution in Space.—Suppose all the matter in the universe 
were to be redistributed with a uniform distribution through- 
out space. Such a distribution would possess a maximum of 
potential energy, and would therefore be in the conditionsof 
most unstable equilibrium possible. The Newtonian law of 
self-attraction, varying in intensity with the inverse square 
of the distance (though it is probably not an ultimate pro- 
perty of matter), would at once come into play, and cause 
the system to tend to a condition of aggregation in nuclei, 
the potential energy turning into kinetic as the separate 
masses gravitated towards one another. As these masses 
clashed together, a part at least of their energy being trans- 
formed into heat, the tendency would set in, as laid down in 
the theory of the Dissipation of Hnergy, to produce a 
uniform distribution of temperature throughout space ; which 
process would be further aided by the process of radiation, as 
laid down in the Electric Theory of Radiation below (§ 7) as 
consisting in a transference of energy through the forms of 
electrokinetic and electropotential energy, alternately ex- 
hibited in the vibrations of the interstellar medium, until 
absorbed by matter to reappear again as heat. 
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Suppose, on the other hand, all the electricity in the uni- 
verse to be distributed throughout space with a perfectly 
uniform distribution. By virtue of the law of self-repulsion, 
varying with the inverse square of the distance, such a dis- 
tribution will be in the most stable equilibrium of all possible 
distributions, since its potential energy is a minimum. In 
any other distribution, by which electricity should be aggre- 
gated so as to produce more at one point and less at another, 
the potential energy of the system would be greater. 

Suppose, further, that both matter and energy being uni- 
formly distributed throughout space, they should become 
associated together by each particle of matter receiving a 
definite portion of electricity as a charge. The potential 
energy of the self-attracting matter is a maximum ; that of 
the self-repelling electricity a minimum. Now suppose ag- 
gregation to take place toward a nucleus or nuclei, each 
particle of matter carrying its charge of electricity with it. 
The potential energy of the matter will diminish, its kinetic 
energy increase. ‘The potential energy of the electricity will, 
on the other hand, be increasing, and will be increasing at 
the expense of that of the matter. If the rate of increase in 
that of the electricity at any moment becomes equal to or 
exceeds the rate of decrease in that of the matter, the ten- 
dency to aggregation will be arrested. Whether such a state 
of things can occur depends, in the first place, upon whether 
such a supposed association between matter and electricity 
can take place or continue, and upon the relative total amounts 
of electricity and of matter in the universe—in other words, 
upon the absolute charge of matter, supposing both matter 
and electricity be initially distributed uniformly and homo- 
geneously throughout space. 

7. Electric Theory of Radiation.—According to Clerk Max- 
well’s theory, “light is an electro-magnetic disturbance pro- 
pagated in the same medium (the ether) through which other 
electro-magnetic actions are transmitted.”” Now, as shown 
above, electricity tends to a uniform distribution through 
space; it does not possess mass, while at the same time it 
possesses a quality corresponding to elasticity, and can become 
the recipient of energy of both kinetic and potential forms. 
Hence it can answer the functions usually postulated of the 
so-called “ ether of space,’”’ the existence of which is assumed 
on the one hand by Young and Fresnel for the purpose of 
explaining the phenomena of physical optics, and on the 
other hand by Clerk Maxwell for the purpose of explaining 
the phenomena of electric and magnetic actions at a distance. 
Further, the existence of such a medium consisting of self- 
repellent extra-mundane corpuscles was assumed by Lesage 
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as affording an intelligible explanation of universal gravita- 
tion—an explanation which would be no less tenable were it 
supposed that actual ultimate atoms of matter are impenetrable 
to electricity. in? 

It would appear, also, that electricity thus uniformly dis- 
tributed through the universe would exercise a definite pres- 
sure throughout space, such as has been attributed to the 
ether by Mr. Tolver Preston for the explanation of cohesion, 
and by Mr. J. MacFarlane Gray for the explanation of certain 
phenomena of thermodynamics. Doubtless, also, the alleged 
ether is subject to a law of conservation, since we have no 
evidence that we can create or annihilate it, either directly 

or by transformation of it into any other physical quantity. 

There appears, therefore, no reason why. the right name 
should not be given to this supposed medium, which, in order 
to avoid confusion with existing terms, might be called the 
Electricity of Space. 

Electricity, then, fills all space. Its inequalities of dis- 
tribution, where electro-kinetic forces have done work upon 
it, result in placing more of it at certain points and less at 
others, or, in other words, in giving it a + and a — distribu- 
tion. Its flow resembles that of an incompressible fiuid, 
being accompanied by relative motions along stream-lines, 
with their respective pressures and tensions between the 
various parts. Its centrifugal force gives rise to the rotatory 
phenomena of electromagnetism and of magneto-optics. Its 
vibrations are radiant light and heat. Just as the air can 
take up the vibrations of a distant tuning-fork, and can convey 
them in waves to a near one and set it in motion if tuned to 
the right note, so the electricity of space can take up the 
vibrations of a molecule of sodium in a distant star, and can 
convey itin waves to a molecule of sodium in our laboratories 
and cause it to vibrate—the energy of the waves in the inter- 
vening space being alternately electro-kinetic and electro- 
potentialin form. The so-called actinic rays are but vibrations 
of a higher frequency in the electricity of space. 

8. We have here an explanation that is, at any rate, pro- 
bable of the action of actinic rays in bringing about chemical 
reactions, especially those which, like photographic reactions, 
consist in the splitting asunder of chemically-compound mole- 
cules, and in producing gradual reduction to a simple state. 
Where the vibrations impinge upon the surface of the sensi- 
tive film, the waves penetrate at least a little way into the 
film, and for at least a short depth it is exposed to the alter- 
nating displacements of the electricity of space, and is there- 
fore under the same conditions as if transient and very 
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rapidly reversed electromotive forces were impressed upon it. 
Now the impression of an electromotive force upon a film 
possessing, as do all photochemically active bodies, electro- 
lytic conductivity, will tend to produce at least partial elec- 
trolysis. Hence the liberation of silver from its less stable 
salts under the influence of light. The special power of the 
wayes of extreme refrangibility to produce these actions may 
be due to the changes in vector-potential being relatively 
more frequent for these than for the less-refrangible waves, 
and consequently more rapid in proportion to the time of 
vibration of the individual molecules. [or if the period of 
the vibrations of the rays be nearly in agreement with that 
of the molecules of any kind of matter, the (electro-kinetic) 
energy of the alternating electric displacements might pass 
into the (pondero-kinetic) energy of calorific oscillations. 


_ We know that the periods of the rays of lower refrangibility 


agree more nearly with the vibration-periods of matter, and 
that their absorption produces a rise of temperature. We 
know also that the periods of the rays of higher refrangibility 
are small in comparison, and that those rays do not in general 
produce calorific oscillations. It may well be accepted that 
instead they produce the more direct effect of impressing 
alternate transient electromotive forces upon the quantities of 
electricity with which the individual molecules appear to be 
associated. 

9, Absolute Scale of Electrification.—lIf, then, electricity be 
a single physical quantity, and subject to a law of conserva- 
tion, it follows that one or other of the two known kinds of 
electrification, either that called “vitreous” or “ positive,” 
or else that called “ resinous” or “ negative,’ must consist 
of a defect, or of an excess, above the ordinary distribution, or 
average absolute charge, in the neighbouring bodies. Various 
small specific differences have been observed from time to 
time in the behaviour of the so-called positive and negative 
distributions of electrification; but from no one of these is 
it easy to draw any conclusions as to whether either the 
“vitreous” or the “ resinous”’ electrification really is the 
excess. If there be two bodies at temperatures, one of which 
may be above that of the surrounding atmosphere and the 
other equally below, we can say, without hesitation, which of 
them has an excess, and which a defect, of heat. If we could, 
with equal certainty, say which of the two electric states 


_ really is due to an excess of electricity, and which to a defect, 


we should at once be further led to expect the existence of 
an absolute zero of electrification, which would be the state of 
a body deprived of all electricity. That none of the observed 
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phenomena afford a very striking criterion on this point 
indicates that all known electrical phenomena take place at 
an absolute electrification far above that of the absolute zero 
of electrification. 

10. It appears, however, worth while to inquire into some of 
the obscure phenomena by which the two electrical states 
differ from one another, in order to see what bearing they 
have upon the question which of these two states is to be 
regarded as the true plus state and which the true minus. 
The chief phenomena in question are tabulated below. 


For “ vitreous ” 
electrification. 


For ‘‘ resinous ” 


Phenomenon. 5 ? 
electrification. 


1. | To produce discharge between 
two unequal spheres requires 
weaker electrification......... when the smaller is — .......4. than when it is +. 

(Faraday, Experim. Res. 1501.) 

2. |A small ball, when dischar- 
ging, gives off apparently 
less discharge when the elec- 

TL TUICALION) gots ie kee cesn Soom: 1 ad RE OP es aa than when it is +. 
(Faraday, op. cit. 1491.) 

3. |The range of variation in 
amounts of charge required 
to produce discharge is 
CHILI aed Aa tee eee re less when charge is — ......... than when it is +. 

(Faraday, op. cit. 1393.) 

4. |Drops electrified are more 

pointed when electrification | ig —  .........cccscceccoccceceecees | than when it is +. 
(Faraday, op. cit. 1593.) 

5. | Card pierced by spark under | 
atmospheric pressure is 
pierced at a point............ nearer the — discharger ...... than the +. 

(Lullin’s experiment.) | 

6. | Spark-discharge turns to brush 


| 
ae 
| 


SCAU Fe Brea. ais oa. kes patlomtnianie St Ba SUTIACE, . doccisepaen sb epexk than ata +. 
(Faraday.) 
7. | Brush-discharge turns to 
lions later Wik. fsieds dR: alia. — SUIT CO ih 5csa Sods adleae os ‘than ata +. 
(Faraday.) 


8. | Discharge by a heated body 
takes place at a higher tem- 


peratume for iii... hoses — electrification ............... than for +. 
( Guthrie.) | 
9. | Discharge in vacuo has the | 
appearance of a force ...... emanating from — electrode. 
( Gassiot.) 
10. | Radiometer-vanes in vacuous 
tube are repelled ............ from — electrode .........s00... toward + electrode. 
( Geissler.) 


11, | In high vacua the direction of 
the discharge is normal to 
the surface Of...........-ssseee the — electrode sss...sesseseesees and independent of 
( Crookes.) the position of the 
+ electrode, 


———— 
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| 
Phenomenon For “ resinous ” | For “ vitreous ” 
electrification. electrification. 


Se 


In discharge bygas-convection 
the temperature is higher...| at the — pole.....cseeeeeccecesees than at the + pole. 
In discharge by disintegra- | 
tion (as in yoltaic arc) the | 


temperature is lower......... ab the — pole........scsscesseeees than at the + pole. 
In electric osmose the liquid | 
is displaced toward ......... te’— CleebTOd Orr. -. cove ¢-002 +: and from the +. 


(Porrett’s Phenomenon.) | 
In the case of diaphragm- 
currents the direction of the 
electric current coincides 
with that of the water. 
( Quincke.) | 
When filings of a metal are 
projected against a polished 


plate of the same ............ the filings are — ......000..0.-+ the plate +. 
(Becquerel.) 
The more pointed ends of 
pyroelectric crystals are ...| — while cooling ............... + while warming. 
In Lichtenberg’s figures the | — figures are lessbranched _ the + more so. 
In the brush-discharge the | 
pitch of the sound is higher| for — electrification... ........ ‘than for +. 


(Faraday, op. cit. 1468.) 
in the brush-discharge the | 
frequency of the discharge | for — is6 or 8 times ,,,....,. that of +. 
(Faraday, op. cit. 1501.) 
The rate of loss of charge of 
an electrified body is......... greater if the charge be — than if it is +. 
(Faraday, Matteucci.) 
In general, discharge takes 
place more readily for ...... — electrification. than for +. 


In looking at the facts tabulated above, the great balance of 
evidence appears to be in favour of the view that the “ resi- 
nous,’ or so-called “ negative,”’ electrification is that which 
has the stronger claim to be regarded as indicating the true 
plus, or excess of electricity. ‘The most important arguments 
in opposition to this view are those to be derived from the 
phenomena of electric osmose and of diaphragm-currents, 
perhaps the least thoroughly investigated phenomena of the 
whole. But, onthe other hand, the evidence is overwhelming 
that “resinous ’”’ electrification tends more rapidly towards 
dissipation or discharge than does “ vitreous” electrification. 
The inference to be drawn from the observed rates of loss 
of charge is most important, because the law of loss of charge 
is the precise analogue of the thermal law of cooling. In 
addition to Faraday’s results, there is a series of observations 
obtained by Matteucci*, made with a torsion-balance under 

* Annales de Chim, et de Physique, ser. 3, t. Xxviil. p. 386. 
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the most careful conditions. These researches show that the 
rates of loss of charge for equal “ vitreous ”’ and “ resinous” 
electrifications are for feeble charges imperceptibly alike, but 
that with stronger charges the rate of loss of charge was always 
greater for “resinous” than for “ vitreous ”’ electrification. 

Now this is precisely what analogy with the law of dis- 
sipation of heat would lead us to expect if “ resinous ”’ be the 
true plus electrification. The careful researches of Dulong 
and Petit showed that Newton’s law of cooling (that the 
rate of loss of heat is proportional to the excess of tempera- 
ture of the body above that of the cireumambient air and of 
an enclosure in which it is placed) is inexact; for they found 
the rate of cooling of a hot body to be higher (for same excess) 
at higher temperatures than at lower. The somewhat compli- 
cated law which they finally enunciated as representing their 
results gives the absolute amount of heat emitted as being pro- 
portional to (1:0077)8, 
where @ represents the temperature in Centigrade degrees—a 
function which for higher temperatures has values a little 
higher than if the radiation were taken as proportional to the 
absolute temperature, which might, a priort, have been ex- 
pected to be the law. 

A formula given by Péclet to express the number of calo- 
ries per hour lost by a square metre of surface of a sub- 
stance whose temperature was T° (Centigrade), cooling in air 
of temperature ¢° C., is as follows :-— 

Q=kT(0:9556 + 0:0037¢) (1+ 0:0056T), 
where & is a coefficient depending only on the nature of the 
body. Here the first of the two factors in brackets is a term 
very nearly proportional to the absolute temperature, since the 
formula was calculated from observations in which the tem- 
perature =12° C, 

A still more decisive result was obtained by Provostaye and 
Desains*, who investigated the law of rate of heating—the 
body to be experimented upon being placed within a vacuous 
enclosure surrounded by a steam-jacket, the rise of tempera- 
ture from about 60° C. to 100° C. being watched. They found 
that the complete law of exchange of heat between two bodies 
at different temperatures might be represented, either for heat- 
ing or cooling, by an expression of the general form 

V=mat—ma", 
where T and T’ are the two temperatures. But they found 
that the coefficient m had less values for the case of heating than 
Jor the case of cooling. They gave the following cases in illus- 
* Ann, de Chim, et de Physique, ser. 3, t. xvi. p, 409, 
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tration of the point that, for equal differences between the 
initial temperatures, the ratio between the rate of cooling down 
from a temperature above that of the enclosure and the rate 
of heating up from a temperature below that of the enclosure, 
increases with the temperature-range. 


Difference of temperature. | Rate of cooling. | Rate of heating. 


—— 


5 1-089 1-000 
10 1-0797 1-000 
500 1-2153 1-000 


Assuming as the lower temperature 0° C. (which is, how- 
ever, not exact), it will be seen that the ratio of the rate of 
cooling to the rate of heating is not very different from the 
ratio of the initial and final absolute temperatures; for 

1+:0038665x 5=1:018, 

1+:003665 x 10=1:036, 

1+:°003665 x 500=2°832. 
The great discrepancy of the last value is accounted for by the 
impossibility of comparing a cooling from + 500° with a heat- 
ing up from —500°. 

It is therefore clear that, though the rate of loss of heat is 
not rigorously proportional to the absolute temperature, those 
bodies whose absolute temperatures are highest part more 
quickly with their heat for a given difference of temperature. 
Suppose, therefore, two bodies of equal mass and surface, and 
of equal specific heat, one heated, the other cooled, until the 
excess of temperature of the one is exactly equal to the defect 
of the other. Ifwe had no other means of ascertaining which 
was at the higher absolute temperature, we could be quite 
certain, provided we only observed the rates of diminution in 
their respective differences of temperature from that of the 
mean-temperature enclosure in which they were placed; for that 
one whose rate of change of temperature was the greater would 
be the one which had initially a true excess of heat. 

It seems only legitimate, when we consider the innume- 
rable analogies between the diffusion of heat and that of 
electricity (especially in diffusion by conduction), to conclude 
that, as the rate of loss of charge in “ resinously”’ electri- 
fied bodies is greater than that of “ vitreously’’ electrified 
bodies, the state of “ resinous ”’ electrification corresponds 
in reality to that of excess or to a true plus electrification; 
and this is the electrification possessed by our earth relatively 
to the surrounding space. 

University College, Bristol, 

May 24, 1881. 


[ 26 ] 
III. Crystallographic Notes. By L. Furrcuer, .A* 


VIII. A Twin of Zircon. 
+: eee UGH zircon, rutile, and cassiterite have been long 


looked upon as isomorphous, zircon has been, till within 
the last three years, remarkable for the absence of the twin 
growth which is so usual a feature in the other two species. 
In 1878 Herr Otto Meyer, in a paper relative to the rocks 
met with in the St. Gotthard tunnel, called attention to the 
fact that zircon was present in considerable quantity as a mi- 
croscopic constituent of some of the crystalline schists, and 
further observed that the minute crystals were occasionally 
twinned according to the same twin plane (101) as the crys- 
tals of rutile and cassiterite. In the same year Herr Hussak} 
mentioned his discovery of simple microscopic twins of zircon 
according to the same law in the eklogite from Styria, and 
of both simple and polysynthetic twins in the mica schist of 
the St. Gotthard tunnel. One of the crystals was measured 
by him, and found to be 0°16 millim. long and 0:04 millim. 
broad. 

Very lately large crystals of zircon have been found at Ren- 
frew in Canada. The largest specimen which has yet reached 
this country weighs 408 grams: it isa simple crystal presenting 
the forms {110}, {111}, and {221}. A second specimen, 
weighing 52°785 grams, is of great in- 
terest as showing the twinning of zircon 
on a far from microscopic scale. The 
habit of the individual crystals and the 
general aspect of the twin will be evi- 
dent from the accompanying figure, 
The forms present are the prism {110} 
and the pyramids {111}, 4221}, 
{331$; while on one quoin there is a 
well-developed face, which proved upon. 
measurement to belong to the ditetra- 
gonal pyramid (811). The angle be- 
tween two corresponding prism-faces of the different indivi- 
was found by measurement to be 44° 47’, a result sufficiently 
near to the calculated value 44° 50’ to prove that the growth is 
really due to twinning about the above-mentioned plane (10 1). 


A twin of zircon. 


* Read before the Crystallological Society, May 30, 1881. 
lb der Deutschen geologischen Gesellschaft, 1878, Band xxx. 


p. 10. 
: Cae Mineralogische und Petrographische Mittheilungen, 187 8, 
p- 277. 


On the Ascent of Hollow Glass Bulbs in Liquids. 27 


The crystals are of a brownish colour, and are in parts quite 
transparent; the faces have an adamantine lustre ; the specific 
gravity is 4:552, and approaches that of the specimens of the 
same mineral from the IImen Mountains. | 


IV. On the Ascent of Hollow Glass Bulbs in Liquids. 
By Evuunp J. Mitts, D.Se., F.R.S.* 


ig HEN a hollow glass bulb is detained at some depth 

below the surface of a liquid and then released 
from its position, it rapidly acquires a sensibly uniform velo- 
city ; and the motion continues to be characterized by such 
velocity until the surface is reached or nearly reached, the 
velocity at that time being much accelerated. The bulb next 
rises somewhat out of the liquid and then falls; oscillating 
thus, until it finally comes to rest under the usual conditions 
of a floating body. In the present paper I propose to give 
an account of an experimental investigation which has refer- 
ence to the stage of uniform velocity. 

2. The bulbs I have generally employed consist of Fig. 1. 
lead glass, and have, as will be seen in the accom- R 
panying figure, a somewhat pyriform shape; the < 
stalk terminates ina hook, which carries an adjusted 
glass weight. A few small projections are sealed on \ 
to the body of the bulb in order to prevent too close 2 
accidental contact with a wetted boundary. In work- ( 
ing with these bulbs, I have always effected the de- 
pression with a piece of glass tubing, and find that Scale 4. 

_ after some practice, it is seldom an experiment is lost by lateral 
divagations of the bulb. It is necessary that all the surfaces 
be clean. 


I, Change of the Diameter of the Reservoir. 


3. A series of glass cylinders having been selected, their 
mean diameters between two fixed marks 220 centimetres 
apart were determined. These marks were ruled at places 
sufficiently distant from the surface and bottom of the liquid 
to ensure the uniformity of the motion observed between them. 
The liquids were first heated a little above the temperature 
desired for the experiments, then poured into the cylinders; 
and these were immersed in a much larger glass vessel con- 
taining water of very nearly the same temperature. The 


* Communicated by the Physical Society, having been read at the 
Meeting on May 14, 1881. 
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thermometers used could be read directly to tenths, and to 
hundredths by estimation. The times were taken with a me- 
tronome beating thirds of seconds. 

4, The following experiments were made at 16° with a mix- 
ture of alcohol and water of sp. gr. ‘9120 at that temperature ; 
they are compared in the table with numbers calculated from 
the equation 


(t—7T)d’=<c, \ 
(¢—6°10)d? = 23°59. 


TABLE I. 

d t obs. t cale. 
B10 a: ata odie o biskise 6°56 6°84 
AGT ta taeceind aeeee 6°83 7°18 
eden iene despre 8:17 8:18 
Dal Oy Ae eee 8°62 9:13 
DOs Catesesoestss 12:08 10:99 


Probable error of a single experiment, 0°44. 


The experiments were actually made on a height of 11 
centim.; and the values obtained for ¢ were half those given in 
the table. Hach result is amean of seven determinations. 

From the above comparison, it appears that the product of 
the number of seconds ¢ (less a constant 7) into the square of 
the diameter d of the cylinder is a constant quantity c. The 
time of ascent through a cylinder of infinite diameter would 
have been r=6°10 seconds. The law, however, shows indica- 
tions of failure when the diameter is narrowed to 2°2 centim. 

5. Table I]. contains the results of some experiments with 
recently-boiled water, at 15°, and another bulb. The time is 
calculated to seconds. Each result is a mean of these deter- 
minations. 


TABLE IT. 

d, t obs. t cale. 
yl Mo ithe ons cs ekios 26°2 26°17; 

Be AD SS LS7), BS Oa ose 26:1 26°71 
By oe eae ets 5 26'3 27°97 
BAT aiid odes onic 24°€ 28°80 
DushiiikGantaniveeeer 29-9 31°63 
PET bce Baio bne tums 37°6 34:24 
A (er een eee P 41:0 39°20 


Hquation, (t—25°95)d? = 64°56. 
Probable error of a single experiment 1°29. 
Sum of the errors (¢ obs. —¢ calc.), +0°08, 
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The last two numbers suggest the same remark as in (4). 

6. A sample of hydrocarbon-oil was next tried, a different 
weight and bulb being used. Hach result is a mean of six 
determinations. ‘The sp. gr. of the oil was 9120 at 16°, 7. e. 
the same as that of the mixture of alcohol and water referred 
to in (4). 


Tas eE III. 

d t obs. t calc. 
NOLS SR eee 31°5 31°41 
LET aS se 3D°d 34°91 
ey Ue aoes sl hra's oct 46:0 46°80 
Hee Dig ara dsroia n'y He 57-4 57:73 

F220. oe ccs 90°8 78-88] 


Equation (¢—22°96)d? =270'65. 
Probable error of a single (1-4) experiment, 0°37. 


Il. Change of the Unbalanced Pressure. 


7. The unbalanced pressure, to which the ascent of the bulb 
is due, can be conveniently changed by increasing or dimi- 
nishing the weight attached to the bulb. If we take a centi- 
metre as the unit of volume, and understand by 6 the mean 
density of (bulb + contents + weight) referred to that of the 
liquid as unity, then (1—6)=p may be termed the “ unba- 
lanced unit pressure.”’ 

The following experiments were performed with a bulb of 
the usual size, recently-boiled water at 11°5 being the liquid. 
The diameter of the cylinder was 5°66 centim. ; the times are 
stated in half-seconds; and each result is the mean of seven 
determinations. 


TABIRN DV: 
t. p. tp”. 
ONG ae Sine "01139 "0025946 
CDi A ee ‘00810 0026244 
Se octet "00569 0026225 


- Kquation, tp?=c=:0026138. 
Probable error of c, 0°25 per cent. 


8. Another set of experiments was carried out in the same 
cylinder, under nearly the same conditions, with five varia- 
tions of weight. Hach result is the mean of five observations 
of ascent through a height of 16°5 centim. The times are 
stated in thirds of seconds. 
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TABLE V. 
t. Dp: tp’. 
3 5 ed A en Rs "00438 "00029735 
es lst 6 Nagra patent dag 00310 00029791 
COUN Pees aen ess "00223 "00029844 
OFGIR iar awatiennes 00177 "00029705 
ELE RO SNe St ae ‘00143 ‘00029806 


Equation, tp?=c= 00029776. 

Probable error of c=*000000169=0-06 per cent. 

The product of the square of the unbalanced unit pressure 
into the time is therefore a practically constant quantity. 


ITI. Change of Content. 

9. In all the experiments above recorded the bulb contained 
air, probably at a pressure slightly below that of the atmo- 
sphere. The mean density of (bulb + contents + weight) is 
of course affected by the contents of the bulb, and then also 
the rate of ascent. 

If we regard as correct the mathematical relation last 
arrived at (8), it is easy to deduce from it an equation which 
involves the specific gravity of the contained gas. Assuming 
other conditions to remain unchanged, the density of the gas 
is 


y=A+B ce 


In this expression ¢ is the time of ascent through the con- 
stant height for any particular gas, 0 the time of ascent cor- 
responding to a gas of density A, und B the density of a 
gaseous content which just fails to let the bulb sink. It is 
convenient to put A=0, which corresponds to the bulb being 
vacuous; B and @ are then deduced, as the “ constants of the 
bulb,’’ from two independent determinations. 

10. In order to change at pleasure the contents of the bulb 
its form was slightly altered, as shown in fig. 2, and 
its volume enlarged. The two stoppers with which Fig. 2. 
it was furnished were coated, on their ground sur- I 
faces, with a scarcely. perceptible film of grease; 
the operator’s hands were encased in gloves; and 
every experiment was carried out as speedily as pos- 
sible. The gases were employed in the dry state, at | 
an average barometric pressure of about 75°7 cen- 
tim.; in the following table their densities are referred /\ 
to hydrogen. Tach result is a mean of several de- (\ 
terminations; and the times are given in thirds of | U 
seconds. Scale 2. 
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TABLE VI. 

Gas. y found. y: t. 
Carbonic dioxide... 21°81 22°00 125 
Grey men) a ca ceniee + « VELT 16°00 38:2 
PET ea a ashe wae 8 14:13 14°50 30°6 
Water-gas  ......0 6°44 6:00 23°0 


The equation is y=26°032 Af ee, 


Probable error of a single comparison, 0°51. 

Great accuracy in work of this kind is, of course, out of the 
question; but for approximate determinations, when only very 
small volumes of a gas are available, the method will probably 
be advantageous. 

11. The following set of experiments has reference to a 
medium consisting of two mixed liquids, the rate of ascent of 
a bulb in each of which separately is known. One of the 
liquids was castor-oil, the viscosity of which is very consider- 
able ; to 100 parts of this, successive quantities z of linseed-oil 
were added so as to gradually reduce the viscosity. The uni- 
form temperature was 12°4. By separate experiments with 
the oils it was found that, if ¢ were the rate of ascent of the 
bulb in seconds per centimetre, A the rate for linseed, « the 
unbalanced unit pressure in castor, and @ the change in that 
pressure for every unit of linseed added, then 


(¢—A) (a+ Bz)’=c, 4 
(¢—*32335)(-09122 + °00169z)?=-034376, 
are equations which fairly represent the experiments. 


TaBLeE VII. 

t z taken. 2 cale 
CNY) SV, 5 I a ae Sra 0-0 0:0 
PEO Ze Vuclalscionis.as leat 11°9 
DPM ED Ole vis Bers « apse 25:0 POT | 
ZG” Kwsiieatiis slase 42°9 46°0 
eA os acca seen 66°7 61°8 
CoO OO) wae siceiei Le hee 6 we) 


Probable error of a single comparison, 1°7. 

Sum of the errors, +0°3. 

12. Castor-oil presents the remarkable property of recover- 
ing its normal viscosity very slowly after heating. A sample 
of the oil, through which a bulb rose in a known number of 
seconds per 22 centim., was heated to a temperature not ex- 
ceeding 80°, and cooled to its previous condition. The bulb 
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now took ten seconds less for its ascent. After a day’s repose 
it rose again in the oil with its original velocity. 

13. The fundamental formule given in this paper admit of 
easy extension to other cases. I have, for example, found in 
the ascent of a hollow glass bulb a good indication of the 
maximum density of water, and of the amount of dissolved 
matter in saline solutions; and it could obviously be applied to 
determine the specific gravity of solid bodies. 

The experiments which I have recorded show clearly that 
the rate of ascent of a solid through a liquid depends, not only 
upon the density of the liquid, but upon some other property 
—probably the viscosity. When the ascending solid approxi- 
mates in diameter to the diameter of the reservoir, special retar- 
dation occurs, and some new law controls the motion. The com- 
mencement of this retardation is earlier with oils than with 
water, earlier with water than with alcohol and water—earlier, 
in short, when viscosity is greater. In reservoirs of sufficient 
diameter, the rate is inversely proportional to the square of 
the altered condition. 

My thanks are due to Messrs. Ellis and Smith for their aid 
in this investigation. 

Glasgow, March 1881. 


V. Change of State: Solid-Liqud. By J. H. Poyytine, 
Late Fellow of Trinity College, Cambridge, Professor of 
Physics, Mason College, Birnungham™. 

[Plate I.] 

ane distinct types of change of state from solid to liquid 
have usually been recognized. The most familiar of 
these is the ice-water type, in which, as the temperature rises, 
the solid remains quite solid up to the melting-point ; when 
this is reached it begins to melt at the surface, and the tem- 

perature remains constant till the whole is liquid, when the 
temperature again rises. Corresponding to this change of 
state there is a definite latent heat. In the second class of 
bodies, of which sealing-wax and phosphorus are examples, 
there isa gradual softening as the temperature rises; and this 
softening takes place throughout themass. There is no definite 

arrest of the rise of temperature, and no definite latent heat. 
It has sometimes been supposed that the ice-water type is 
merely a limiting case of the sealing-wax type, where the 
softening takes place, but through a very small range of tem- 
perature. Prof. Forbes held this view, and by it attempted 
to explain regelation ; but subsequent experiments have not 

* Communicated by the Physical Society. 
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supported the theory, and I believe it is now generally aban- 
doned. 

Since, in the ice-water form of change of state, fusion only 
takes place at the surface, it seems much more probable that 
it is an exchange phenomenon analogous to the change which 
takes place when water is evaporating, according to the kinetic 
theory. Just as in the case of water-steam, a steady state is 
reached when the number of molecules escaping from the sur- 
face of the water into the gas is equal to the number passing 
from the gas into the water, so in the case of water-ice a steady 
state (that is to say, the melting-point of ice) is probably 
reached when the number of molecules passing from the ice 
into the water is equal to the number passing from the water 
to the ice. Forthe analogue of the sealing-wax type of melt- 
ing we must probably take the change of state which takes 
place in a liquid-gas above its critical point, where it changes 
gradually from a state rather liquid than gaseous to a state 
certainly gaseous. 

In this paper I shall attempt to support this view of solid- 
liquid change of state. The following is a summary of the 
argument and the conclusions arrived at. 

It is assumed that the maximum vapour-tension of a sub- 
stance at any temperature is an indication of the number of 
molecules crossing its surface in a condition to escape. Now 
Regnault’s experiments show that at 0° ice and water have 
the same vapour-tension ; that is, the number of molecules 
crossing the surface of the ice ready to escape is equal to the 
number crossing the surface of the water in the same condition. 
Hence, when the two are in contact at 0°, the interchange of 
molecules is equal. For temperatures below 0°, Kirchhoff has 
shown that the vapour-tension of water is greater than that of 
ice, and above 0° it is less than that of ice—if ice can exist. 
(Another proof of this theorem is here given.) It is, then, easy 
to give a general explanation of the phenomena of melting 
and freezing by supposing that, if the temperature is not at 
the melting-point, the substance in the state with the greater 
vapour-tension will lose at the expense of the state with the 
less vapour-tension. 

To explain the alteration of the melting-point by pressure, 
we must suppose that pressure alters the vapour-tension, and 
therefore the rate of escape of molecules, and that this altera- 
tion is different for the two states. Sir William Thomson has 
shown that a liquid in a capillary tube is in equilibrium with 
its vapour at a greater or less tension than at the plane sur- 
face according as the surface is convex or concave, upwards, 
and has given a formula for the difference. Accompanying 
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this curvature of surface is a difference of pressure in the 
liquid; and I suppose the variation of vapour-tension to be due 
to the difference of pressure. A proof is given of Sir W. 
Thomson’s formula, which seems to bring out more clearly the 
connexion of the phenomenon with the pressure, and which 
seems to apply to solids as well as liquids. According to this 
formula, the steady state (the melting-point) may be reached 
at any temperature if the pressure can be so adjusted that the 
vapour-tensions in the two states at that temperature and 
pressure are equal. The resulting lowering of the melting- 
point by pressure agrees in amount with that given by the 
well-known formula of Prof. J. Thomson. 

It follows from this mode of regarding the subject, that, if 
in any way the ice can be subjected to pressure while the water 
in contact with it is not so subjected, then the lowering of the 
melting-point per atmosphere is about 11} times as great as 
when both are compressed. I give the results of some expe- 
riments which I have made to test this, and which certainly 
seem to indicate that the fall of melting-point is much greater 
than the amount usually supposed if the ice alone be compressed. 

The isothermals for ice-water are then discussed. It has 
been supposed that, if we could employ a sufficiently low tem- 
perature and high pressure, then ice would pass continuously ~ 
into water ; that is, the isothermals would have no horizontal 
part. corresponding to a mixture of ice and water, and we 
should have a critical point. Assuming, however, that a mix- 
ture of ice and water completely freed from foreign gases can 
be subjected to great negative pressure or tension, it seems 
probable that there is another critical point at a temperature 
above 0° and at a high negative pressure; that is, the water- 
ice line is a closed curve. We know that below 0° the water 
isothermals can be prolonged below the horizontal portion, 
since water is unfrozen in certain cases,—and that the ice iso- 
thermals can be prolonged above the horizontal portion; for ice, 
at 0° say, can be suddenly compressed without melting in the 
interior. This suggests that the true form of the isothermals 
is a continuous curve, of the nature which Prof. J. Thomson 
has suggested in the case of liquids and their vapours. | 

If we suppose that the curves are continuous in the same 
manner for ice-water above 0°, then Prof. Carnelley’s “ Hot 
Ice ’’ would seem to be represented by the prolongations up- 
wards of the ice isothermals beyond the horizontal line to 
where they meet the line of no pressure. ‘The critical point, 
which certain assumptions roughly fix at about 14° C., would 
then be an upper limit, or rather above the limit, to the tem- 
perature of hot ice in a vacuum. 
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In conclusion, it is pointed out that the sealing-wax type of 
melting is probably similar to the change of ice into water 
below the lower, or above the upper, critical points, if these 
exist. 


Melting and Freezing of the Ice-water Type at ordinary 
Temperatures and Pressures. 


It seems to have been conclusively proved by experiment that, 
in bodies of the ice-water type, change of state, either from solid 
to liquid, or the reverse, takes place only at the surface, or ata 
surface separating dissimilar portions. This would also seem to 
follow from the fact that the change of state always requires a 
certain finite amount of energy to be abstracted from, or sup- 
plied to, the mass without alteration of temperature. In the 
middle of a homogeneous body, where the temperature varies 
gradually, we must have the energy per unit of volume a con- 
tinuous quantity as we pass from point to point. Hence, when 
at any point there is sufficient energy per unit of volume to 
change the state, either the surrounding temperature must be 
far above the ordinary temperature for change of state, or the 
surrounding substance must occupy an intermediate condition 
between the two states. On the former supposition we should 
certainly not have the ordinary change of state, though some- 
thing of the sort may_occur in the case of Dr. Carnelley’s “ hot 
ice ;” and in the latter we should have the sealing-wax type, 
and no signs of this have been observed. 

Since, then, change of state is a surface phenomenon, we are 
led at once to connect it with the escape of molecules which we 
know to be always taking place from the surface, as indicated 
by the definite vapour-tension which the body possesses, 
whether solid or liquid. Now Regnault’s experiments have 
shown that at 0° ice and water have the same vapour-tension, 
and at the same time a mixture of ice and water at that tem- 
perature maintains the same proportion between the two con- 
stituents as long as no heat is allowed to pass into or out of it; 
that is, as many molecules escape from the water into the ice 
as pass in the opposite direction from the ice into the water. 
We seem, then, to be justified in assuming that the number of 
molecules coming up to a given surface with a sufficient velocity 
to escape is indicated by the maximum vapour-pressure at that 
temperature. 

Now suppose that we have a mixture of ice and water 
below 0°. Kirchhoff has shown (Pogg. Ann. cill. p. 206) 
that below 0° the vapour-tension of water exceeds that of ice 
by ‘044 millim. of mercury per degree; and his reasoning 
will equally prove that it ae below it by the same amount 
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above 0°, if ice can exist at such a temperature. Prof. J. 
Thomson has subsequently (Brit. Assoc. Report, 1872, p. 24; 
Proc. Roy. Soc. 1873; ‘Nature,’ ix. p. 392) arrived at a similar 
conclusion independently. A proof differing in arrangement 
from Kirchhoff’s, and following out rather the line indicated 
by Thomson, will be given below. 

In a mixture, then, of ice and water below 0°, since the 
water has the greater vapour-tension, more molecules will 
cross the surface from the water to the ice than in the opposite 
direction. The ice will therefore gain, while the water loses. 
At the same time the molecules will possess less energy when 
arranged as ice. Hence the temperature of the whole will 
rise, and this rise will go on till 0° is reached, when there is 
once more equilibrium—or till the whole is converted to ice, 
if that condition be previously reached. This seems sufficiently 
to explain the action of a small piece of ice dropped into water 
below 0°; and the fact that the change of state is a surface 
phenomenon seems to show that the presence of some ice is 
necessary to commence change of state. 

If a mixture of ice and water at 0° be supplied with heat, 
as soon as the temperature rises ever so little above 0° the 
equilibrium of exchange is destroyed; for the vapour-tension 
of ice becomes greater than that of water, and therefore the 
number of molecules entering the water from the ice is greater 
than the number going in the opposite direction. But since 
the water arrangement requires more energy, heat is absorbed, 
and the mixture has a tendency to fall back to 0°. 

Before going on to discuss the effect of pressure on the 
melting-point, I give a proof, with a somewhat more general 
result, of Kirchhoff’s formula, 

dw’ dw 

att 
where a’ is the maximum yapour-tension of ice, and @ that of 
water. 

Start with a volume v of water at temperature —¢°. Let it 
evaporate, always at the temperature —2°, in a cylinder which 
it does not wet, at its maximum vapour-tension «, which we 
suppose to be maintained by a piston. Let the ultimate 
volume of the water-vapour be V. Then the external work done 
in the expansion is a (V—v). 

Now let the vapour further expand, always at the same 
temperature and in equilibrium with the pressure, till we have 
reached a volume V’ at the maximum vapour-tension a’ of 
ice. Assuming Boyle’s law to hold, the work done in this 


='044 millim. of mercury, 


expansion is a’ V’ log = ; and this would be 0 if o=o’. 
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Now introduce a particle of ice at —é° into the cylinder, 
and condensation into ice will go on till all the vapour has dis- 
appeared. Ifthe ultimate volume of the ice is v’, the work 
done on the substance is #/(V'—v’). 

Increase the pressure from o’ to w’ +p till the melting- 
point is lowered to —¢°. If x’ is the coefficient of cubic com- 

2 
pressibility of ice, ad v’ is the work done in the compression. 
Introducing a drop of water, allow the whole to melt into 
water under the pressure w’+p, the work done during the 
melting being 
(co! +p)4v(1—pe’)—v(1—pe)}, 
where « is the coefficient of cubic compressibility for water. 

Now let the water expand to its original volume v by gra- 

dually reducing the pressure to a. The external work done 
2 


P 


cae KU. 


2 
We now have the substance in its original state; and the 
cycle through which it has been taken was reversible at every 


step; therefore 


is 


dQ _ 
TP =0. 


But T is constant; therefore 
fdQ=0. 


Then the total external work is zero, or 


a(V—v)+a’V’ log = —a'(V/—v’) 


on fe(-%)-a(1-&) Jan 


By means of the equation 
aoV=a'V’, 


and neglecting products of w and x, this reduces to 


/ 
@V log =; = Py v(1— = —v(1- ek +(@—o’)v. (1) 


Neglecting the term (o—o’)v, and putting for a/V mV eT, 
where w)V, are the pressure and volume at 0° C., and T the 
absolute temperature, we have 


For temperatures near 0° C. we may neglect products of p 
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and «, and we obtain as an approximation 


Oo Cle!) 

ames ov" ) 
or ; 

o—o! =p ~ +) i 
At 0°, 


v —v='087, V’=209037, 
and the pressure required to lower the melting-point 7° is 


= millim. by the well-known formula. Substituting in 


equation (3), we get 
leas o—o! =044t, 
or 
/ 
ae _ = ='044 millim. of mercury, . . (4) 
which is Kirchhoff’s result. 

If the temperature be much below 0° C., we cannot make 
these approximations without further examination, as the terms 
containing « and x’ in (2) may rise into importance. 

It may be noticed that (2) could be used as an equation to 
determine p, the pressure required to produce a fall of the 
melting-point to T, if there were any accurate experimental 
method of measuring @ and a’. 


Liffect of Pressure on the Melting-point. 


If we are right in regarding the change from the solid to 
the liquid state as an exchange phenomenon in which the rate 
of exchange is indicated by the vapour-tension, we ought to 
be able to show that the pressure which lowers the melting- 
point to a certain temperature will so alter the rate at which 
the two states of the substance give off molecules from their 
surfaces, that at that temperature there will be an equilibrium 
ofexchange. Thatis, we ought to be able to show that pressure 
alters the vapour-tensions of the two states, but alters them by 
different amounts, so that the equality of vapour-tensions now 
occurs at the new meiting-point. 

Now in the ordinary case, where the vapour-tension is mea- 
sured we have the substance only under the pressure of its 
own vapour ; but in the rise or fall of a liquid in a capillary 
tube we may have a substance in contact with its own vapour 
when the substance is at a very different pressure from the 
vapour in contact with it. 

Sir William Thomson has shown (Proc. Roy. Soc. Edinb. 
1870, vol. vii. p. 63; Maxwell’s ‘ Heat,’ 1877, p. 287) that if 
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a liquid rises in a capillary tube so that its surface is concave 
upwards, and (we may add) the pressure of the liquid is less 
than at the plane surface, then the equilibrium vapour-tension 
is less than at the plane surface. Ifthe liquid falls in the tube, 
so that the surface is convex and the pressure greater than 
at the plane surface, then the equilibrium vapour-tension is 
greater. It has been supposed that this difference of vapour- 
tensions is due to the curvature of the surface; and Fitzgerald 
has suggested that we may thus perhaps obtain a connexion 
between ‘‘two apparently unrelated quantities,” the evapo- 
ration and the surface-tension (Phil. Mag. [5] viii. p. 384). 
But while a very slight impurity in a liquid can greatly alter 
the surface-tension, it has not been shown that it alters the 
evaporation to the same degree. I think that we must look 
for the explanation elsewhere than in the curvature of the 
surface; and I shall endeavour to show that we may account 
for the effect by the difference of pressures of the liquid at the 
curved and plane surfaces. The curvature of the surface is 
then, as it were, an accidental accompaniment of the difference 
of pressure, and not the cause of the variation in the vapour- 
tension. We might therefore expect to find the variation 
taking place also at flat surfaces if the pressure be altered, 
and with solid as well as with liquid bodies. We cannot 
directly investigate the vapour-tension of flat surfaces under 
pressure ; but I shall assume that we may here take, instead, 
‘the rate at which exchange takes place when the solid and liquid 
are in contact with each other. 

Sir W. Thomson’s formula is 

2To 
p=a Ae Te et eee (5) 

where 

p is the vapour-tension in contact with the concave surface, 

a is the vapour-tension in contact with the plane surface, 

T is the surface-tension of the liquid, 

p and o the densities of the liquid and its vapour respectively, 

ry the radius of curvature of the curved surface. 

If P be the difference between the hydrostatic pressures 
jast beneath the curved surface and just beneath the plane 
surface, equation (5) may easily be put in the form 


MR? xs 

p=a—P-, e ° ° e ° e . (6) 

or a pressure P in the liquid increases the vapour-tension by 
oO 
an amount P - 


The following, proof of this formula, p=a—P = is, I believe, 
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applicable to both solids and liquids, and obtains a more 
general form for the result. 

Let a volume v of a body (solid or liquid) be in a perfectly 
conducting cylinder (fig. 1, Plate I.) so arranged that the tem- 
perature is always constant. A porous plug, which the sub- 
stance if liquid does not wet, is in the cylinder ; and the holes 
in the plug are to be so fine that any required pressure can be 
applied to the liquid without forcing it beyond the further sur- 
face of the plug, the curved surface of the liquid there with- 
standing the pressure. A piston to which pressure can be 
applied is in contact with the substance; and beyond the plug 
is another movable piston to which any pressure can be applied, 
the arrows in the figure indicating the direction in which the 
external pressures are applied to the pistons. 

Let the volume of the substance in the denser state at the 
pressure of its normal vapour-tension @ for the given tempera- 
ture bev. Let V be the volume of the whole as vapour at the 
pressure @. let the equilibrium vapour-tension when the 
denser state is subjected to a greater pressure a+ P be p, and 
let the volume of the whole as vapour at the pressure p be 
V’. Let the coefficient of cubic compressibility be x. Now 
take the body through the following cycle. 

Increase the pressure to @+ P on the left-hand piston, and 
then let the substance evaporate through the plug to the right 
hand, pushing out the piston there at pressure p till the whole 
is evaporated toa volume V’. Ifp be greater than a, let the’ 
vapour expand from V’, always in equilibrium with the pres- 
sure, finally arriving at a volume V and pressure a. Now 
cover the porous plug, and, if necessary, commence condensa- 
tion by introducing a small amount of the substance. Push 
in the right-hand piston at the pressure a till the whole is 
condeused to volume v. 

We have now conducted the substance through a cycle each 
step of which is reversible*. Then 


* It seems difficult to imagine a plug which would satisfy the condition 
of reversibility for the solid under great pressure in contact with its vapour. 
Perhaps the following would answer the requirements, if an ordinary 
porous plug is insufficient. Suppose the solid in a finely-divided state, 
and contained in a liquid which wets it but is of a very slightly greater 
specific gravity, and whose vapour-tension is negligible. During evapo- 
ration turn the cylinder with the vapour-chamber upwards. The particles 
of solid will rise up through the pores, and a small fraction of their surface 
will protrude, but they will otherwise be subjected to a pressure w+ p. 
For condensation reverse the cylinder. As the solid condenses on the 
surface it will rise up as fast as it is formed, and so increase the volume 
of the chamber and force back the piston. 
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But T is constant ; then 
JdQ= 0, 
and the external work is, on the whole, zero. This gives us 
(o ae = Pav +(@+ P)vd—Pxv)—pV'—aV log B 
avo) Ow ty (7) 


But since, at low temperatures such as we are here considering, 
Boyle’s law is almost exact, we have 


avy = pV = 
Then, neglecting terms containing ox, 
FE 
oV log? =Po(1—=*), 
or 
Pv Px 
ves = ay «) ; (8) 
For ordinary values of P this gives 
Eon Eo 
P ange Ma 12 shop Oe caer ails (9) 


which agrees with Sir W. Thomson’s result in equation (6). 

It may be worth while to point out the following result of 
the reasoning on which the above proof is based. 

In a quantity of liquid at a uniform temperature, the num- 
ber of molecules interchanged across a surface will increase as 
we descend, owing to the increase of pressure. If near the 
surface the number be proportional to the vapour-tension at 
the surface, then at any depth the number will be proportional 
to the pressure in an atmosphere of vapour at that level which, 


_ at the level of the surface, has the pressure of the vapour in 


equilibrium ; that is, the liquid will behave as a non-vapori- 
zing solid through whose interspaces the vapour can move 
freely. 

dung, then, that equation (9) holds both for solids 
and liquids, let us apply it to the case of ice and water in con- 
tact with each other at a temperature —?¢° and at a pressure P, 
such that —¢° is the melting-point. 


Let @ be the normal vapour-tension of water at —?°, 
lé 


or i Mi a ice at —0°, 
p be the altered vapour-tension of water, 

p ” ” ” ice, 

p the density of water, v its specific volume, 
p" Pa at ice, ry 


9) 
o » 9) their vapour, V its specific volume. 
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Taking o and V as the same for ice and water as an approxi- 

mation, then equation (9) gives us | 
p=Hot P a =a + Ss 

. aa 
f=o'+Pla=o'+ Ly 
L p’ Ace 

Subtracting, we have 


ASE 
p—p!=a—a! —P——. ee 


But by equation (3) we have 
vw —v 


SS : ° 
®@ w’=P V 3 


then 
pp =0.5 2 4. +4, 2 


Or, under the pressure P at the melting-point, the vapour- 
tension of ice equals that of water, and there is an equal inter- 
change of molecules taking place. According to this, then, 
we may thus regard the alteration of melting-point by pres- 
sure. The pressure increases the number of molecules given 
off from the surfaces in contact with each other in both states; 
but the increase is greater in the case of the less dense state. 
Now, in the case of ice-water, ice is the less dense state, and 
below O° it has the less vapour-tension. Hence a sufficiently 
great increase of pressure, while increasing both vapour-ten- 
sions, can make that of ice overtake that of water, or can lower 
the melting-point. For paraffin, the liquid is the less dense 
state. Then, increase of pressure can only render the two 
vapour-tensions equal above the normal melting-point when 
the liquid vapour-tension is less than that of the solid. 

Suppose now only one of the two states (the ice) to be 
subjected to increase of pressure. For instance, let the ice be 
compressed on a porous plate through which the water can 
circulate freely. Then the pressure increases the rate at which 
molecules escape from the ice into the water, but does not 
affect the rate of escape of the water-molecules into the ice, 
and a much less pressure will suffice to produce equilibrium 
of exchange for a given temperature below 0° than when both 
ice and water are subjected to the pressure. 

To calculate the fall in melting-point produced by a pres- 
sure P’ on the ice alone, we have, instead of (10), 


P=2; : 
ate: Plo! ee te oe. 
STI: 
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If we have p=p’, we have the melting-point ; and in this case, 
by subtracting, we obtain 
: Po! 
D—=—B = ee acer fe, hel) une (14) 


Now the pressure required to lower the melting-point to the 
same degree when both ice and water are compressed is given 
by 

hea a ee 


SO Poy ot is eta (19) 


or PP’ wW—yv 


eS Tee Pte ere hes (LGN 


Or the fall in melting-point caused by a given pressure on the 
ice alone is about 114 times as great as when both ice and 
water are compressed. That is, 1 atmosphere lowers the 
melting-point about :0843° C., and 11°7 atmospheres lower it 
1° C. This result may be obtained in the same way as Prof. 
J. Thomson’s formula, on the supposition that the process is 
reversible ; but as I was led to the result by the above consi- 
derations, I have given only this proof. 

This seems to have an important bearing on ordinary cases 
of regelation, when two pieces of ice are brought into con- 
tact at one or two points. About that point the ice will 
be subjected to great pressure; but the melted water is 
not necessarily subject to the pressure, and accordingly the 
melting-point may be lowered by 114 times as much as has 
‘been formerly supposed. J have made some experiments to 
test this result; and the best arrangement I have yet devised 
has been the following:—A block of ice, fitting in a hollow 
iron cylinder with open ends, was laid on a bed of sand on 
the top of which was placed one junction of a copper-iron 
thermopile ; the other junction was placed in melting ice. 
When the two junctions reached the same temperature, as 
indicated by a galvanometer in the thermopile circuit, pressure 
was applied to the ice by a hydraulic press. The water from 
the melting of the ice was able to escape freely through the 
sand, and was therefore only at atmospheric pressure. The 
results so far have been very variable, sometimes indicating 
no greater lowering of the melting-point than that usually 
assumed—:0073° per atmosphere. But in several cases the 
lowering has been decidedly greater. The following experi- 
ment gives the greatest value I have yet obtained for the low- 
ering of the melting-point. The galvanometer-deflection per 
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1° difference in the temperature was determined by separate 
experiments to be 9:4 divisions. ey. | 


- Calculated 
. {Galvanometer| Temperature 
eee re ee = deflections, in} of the cooler es Seas 
athe) mospueres. | divisions. junction. 5 ef OS 2 
atmosphere. | 
hm ° fo) 
12 51 18 4:5 — 48 C. —13 
12 53 18 53 |; —56 13 
PA al 18 50 —°53 —'13 
1 30 9 2°5 — 27 —°065 
1 32 9 33 — 34 —°065 


It will be seen, by a comparison of the last two columns, 
that the lowering here was four or five times that given by the 
usual formula, I have not thought it necessary to give details 
of the other results, as [ have not yet had time to investigate 
the causes of failure. I hope to pursue the subject shortly. 

Perhaps the following imaginary experiment may serve as 
a simple illustration of the last two sections, Suppose two 
cylinders, one containing ice, the other water at the same tem- 
perature, to be connected above by a tube through which the 
vapour can pass, and let them only be in contact with their 
own vapour. 

At 0°, or rather at +°0073, their vapour-tensions being 
equal, as soon as the pressure reaches 4°6 millim. then the ice 
and water will remain unaltered in amount as long as no heat 
is allowed to pass into or out of the cylinders. If the tempe- 
rature be kept slightly below 0°, then, since the vapour-ten- 
sion of water is now greater than that of ice, the water will 
gradually distil over into the ice-vessel and there condense as 
ice, the average temperature rising. If the temperature be 
kept constant, however, the whole of the water will in time 
go over into the ice-vessel. If the temperature be slightly 
above 0° (supposing it possible still to keep the ice solid), then 
the ice has the greater vapour-tension and will gradually distil 
over into the water-vessel, and the average temperature will 
fall. In time, if the temperature be kept above 0°, the whole 
of the ice will go over into the water-vessel. 

If, now, the ice and water be subjected to pressure by porous 
pistons which the water does not wet (the pressure in each 
cylinder being the same), then, if the temperature be 0°, an 
increase of pressure will cause more evaporation from the ice 
than from the water; that is, the ice will distil over into the 
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water-cylinder and form water there. To obtain equilibrium 
again, the temperature must be lowered to such a point that 
the pressure makes the two vapour-tensions once more equal, 
when the ice and water will remain unaltered in amount—that 
is, the melting-point will be reached. If now the ice alone 
be subjected to pressure, its vapour-tension will be increased 
while that of the water remains the same. And now the 
pressure required to produce equilibrium of vapour-tensions 
at a given temperature below 0° will only be about 2-238rds 
of that required when both are subjected to the same pressure. 

The suppositions which I have made amount to this—that 
if the space filled with vapour be abolished and the ice and 
water be brought directly into contact with each other, then the 
rate of escape of molecules will be the same as before in each 
case, or bear the same proportion to it. 


Isothermals of Ice-water : Critical Points. 


If we draw the isothermals for ice and water on a pressure- 
volume diagram, they are of the general form shown in fig. 2, 
though the figure is entirely out of proportion. 

If we may assume that the compressibility of water is con- 
siderably greater than that of ice, the horizontal part of the 
isothermals representing a mixture of ice and water will in- 
crease as the temperature falls below 0°, at least just at first. 
Then, if we call the line passing through the points where the 
isothermals turn to or from the horizontal part the ice-water 
line, this line will at first diverge as the temperature falls. 
Now, while ice contracts on cooling, its coefficient of expan- 
sion between —19° and 0° being given as ‘000122 by Brunner, 
Despretz has shown that water expands on cooling below 0° 
even more than it expands for an equal rise above 8°. Hence 
the isothermals for ice and water approach each other at ordi- 
nary pressures as the temperature falls. 

Using Brunner’s coefficient for ice, and for water Hills- 
trom’s formula (Jamin, Cowrs de Physique, vol. i1.), 

Vo 


— =1+:'000052939 ¢— 0000065322 2? + 00000001445 ¢, 


UV, 


and supposing that water could be cooled without freezing, it 
will be found that between —120° and —130° ice and water 
would have the same specific volume. This might lead us to 
suspect that the divergence of the two branches of the water- 
ice line would not continue if we could examine the isother- 
mals at very low temperatures and high pressures, and that, 
as the temperature fell, the two states would at some point 
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begin to approach (that is, the horizontal part of the isother- 
mals would decrease), and that ultimately ice would pass gra~ 
dually into water without any abrupt change of volume (that 
is, there would be a critical point). Below this critical point 
ice and water would probably be identical. 

A similar conclusion is arrived at from the latent-heat equa- 
tion. On the supposition that at the critical point the latent 
heat vanishes, the temperature given by that equation is 
—122°:5, with a pressure of over 16,000 atmospheres (Baynes, 

Thermodynamics,’ p. 169). 

It is usually assumed that we must stop the isothermal at 
the base-line of no pressure. But we know that water can be 
subjected to a negative pressure; as, for instance, when it rises 
in a capillary tube in a vacuum, or when it adheres to a baro- 
meter-tube at a height greater than that of the barometric 
column. Itseems probable that, if perfectly freed from foreign 
gases, it might even be subjected to a very high negative pres- 
sure without the particles being torn asunder. So, too, a mix- 
ture of ice and water might probably be subjected to tension. 
It seems at least worth while to draw the isothermals for ice 
and water on such a supposition. 

Prof. J. Thomson’s result for the alteration of the melting- 
point by pressure would hold for at least a short distance above 
O° when we replace pressure by tension. Assuming it to 
hold for 4°, we should have to put on a tension of 4+:00733 
atmosphere = 545 atmospheres. But if the expansion of 
water under a tension equals its compression under an equal 
pressure, the expansion is about 57359 per atmosphere*; so 
that the volume of the water at 4°, under a tension of 545 
atmospheres, will be 1:026. The ice, whose volume at 4° 
under no pressure would be 1:088, probably will not expand 
nearly so much under tension. The change of volume on 
melting will therefore probably be not very far from 

1-088 —1°026=:062, 

against a change at 0° of 087. Then the two branches of the 
ice-line will converge very considerably for temperatures above 
0° and with negative pressures. At this rate of convergence 
the meeting-point is at about 14° C. At higher temperature 
the ice would pass gradually into water—that is, we should 
here have another critical point,—the two critical points being 
at opposite ends of the closed curve which represents the 
water-ice line. | 


* Might not the truth of this supposition be tested by the propagation 
of sound through the water above a barometric column at a negative 
pressure ? 
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On considering the isothermals below 0°, it will be noticed 
that the water-isothermals, at least as far as that for —20°, 
can be prolonged downwards past the horizontal line to meet 
the line of no pressure; for Despretz succeeded in cooling water 
to —20° in thermometer-tubes without freezing. These pro- 
longations are represented by aa’, bb’, cc’ (fig. 2). Similarly 
the ice-isothermals can be at least slightly prolonged upwards 
past the horizontal line. For, suppose we take a block of ice 
at O° and suddenly subject it to great pressure. Since it ex- 
pands on heating, then sudden compression produces, if any 
thing, a slight rise in the temperature. At the same time the 
melting-point is lowered, and the ice begins to melt at the 
surface, and in time the whole will be lowered to the new 
melting-point. But just at first, and until it falls to that 
temperature, we have the ice on the prolongation of the iso- 
thermals upwards as at A A’ or BB’ in fig. 2. In a certain 
sense, then, we have “ hot ice.”’ 

Since, then, the water-isothermals may be prolonged down- 
wards and the ice-isothermals upwards, we may probably here 
adopt Prof. J. Thomson’s suggestion as to the true shape of 
the isothermals in the case of liquid-and-gas mixtures (Brit. 
Assoc. Report, 1871, p. 80; Maxwell’s ‘ Heat,’ p.125). This 
is indicated by the dotted line for —2° in the figure. If the 
isothermals also have this shape above 0° (as indicated by the 
dotted line for the 4° isothermal), then at first the ice-isother- 
mals will be prolonged upwards to meet the line of no pres- 
sure, as, for instance, that of 4° at H. This seems to be the 
place where we must put Dr. Carnelley’s “ hot ice,’’ on the 
diagram, if its temperature be really proved to be above 0°. 

But if the critical point for the higher temperature exist, it 
is evident that, before this temperature is reached, the prolon- 
gations of the ice-isothermals will cease to reach up to the line 
of no pressure, and the limit to the temperature of hot ice in 
a vacuum is that of the last isothermal which touches the line 
of no pressure. To obtain ice at still higher temperatures, it 
would apparently have to be subjected to great tension. If 
the above calculation for the critical point is at all near the 
truth, then the highest temperature possible for ice in a vacuum 
is something below 14° C. 

The view here advocated as to the nature of the melting of 
ice, would show that its fixity is as much a “constant acci- 
dent ”’ as the fixed boiling-point of water. If we havea piece 
of ice at any temperature and allow no water to form on its 
surface, then I see no reason why it should melt if heat be 
supplied to it by conduction from bodies which, when melted, 
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it does not wet. I think, then, we ought to expect its tempe- 
rature to rise, as Dr. Carnelley has apparently found to be the 
case. 

Dr. Lodge has pointed out (‘ Nature,’ Jan. 20, 1881) that, 
as far as we know, “ there is no definite subliming-point fora 
solid, any more than there is a definite evaporating-point for a 
liquid.” Hence, with such a mode of supplying the heat as 
above described, the temperature might perhaps be expected 
to rise to that of the last isothermal which reaches the line of 
no pressure. Whenithas reached this point the whole will be 
in an unstable state, and we might expect a further supply of 
heat to cause a sudden change into water. If, however, at 
any point in this process of raising the temperature the vapour- 
tension is allowed to rise nearly to its maximum, it will exceed 
that of water, which has a lower maximum; then a layer of 
water will be formed on the ice, and we shall have melting 
with a tendency of the temperature towards 0°. 


The Sealing-wax Type of Melting. 


We have seen that there is some reason to suppose that ice 
would pass gradually into water at a sufficiently low tempe- 
rature and with sufficiently high pressure; that is, there 
would be no abrupt change of volume at a constant tempera- 
ture, and no definite latent heat. But these are just the cha- 
racteristics of the melting of substances of the sealing-wax 
type; and I think it exceedingly probable that we have such 
substances at temperatures below their critical points, or at 
least that they are analogous to water-ice below its critical 
point. If sealing-wax have a critical point, then if we start 
with some in the solid state at ordinary temperature, and 
while raising the temperature we increase the pressure so as 
always to keep it solid till above the critical point, if we 
reduce the pressure again to a certain point and at the same 
time a small amount of liquid sealing-wax be introduced, we 
ought to have a liquefaction of the whole with a finite expan- 
sion of volume ; that is to say, we should have changed the 
ordinary sealing-wax type of melting into the ice-water type. 
It might, perhaps, be possible to test the truth of this suppo- 
sition experimentally. 


bee 


VI. On some Electromagnetic Experiments with Open Cir- 
cuits. ByJ.J. THomson, B.A., Fellow of Trinity College, 
Cambridge*. 


af has been noticed incidentally by Helmholtz and others 

that a coil acts in many cases like a condenser, and pos- 
sesses appreciable electrostatic capacity. I am not aware, 
however, of any experiments in which this property pro- 
duced any.very marked effect. In the experiments Iam about 
to describe, where currents were induced in a secondary coil, 
the secondary circuit was generally left open; and it was 
found that, under certain circumstances, the condenser-action 
of the coil was great enough to produce local currents strong 
enough to powerfully magnetize a sewing-needle placed in- 
side a spiral through which these local currents passed. The 
following is a description of the coils used, which closely 
resemble some used by Lord Rayleigh in some electromag- 
netic experiments described in his paper ‘On an LHlectro- 
magnetic Experiment,” Phil. Mag. June 1870. 

Two wires, each about 300 yards long, were wound side 
by side on a bobbin: one of these wires was used as the pri- 
mary circuit; the other, which was cut into three pieces 
each about 100 yards long, formed three separate coils which 
could be connected up in a great variety of ways, and which 
were used as the secondary circuits. Jor convenience, I shall 
denote the electrodes of the first of these secondary coils by 
the letters A and B; the electrodes of the second by C and D; 
and the electrodes of the third by E and F. Asit willbe con- 
venient to have some notation to denote the way the secon- 
dary coils are arranged, I shall signify the arrangement by 
writing the letters denoting the electrodes in the order one 
would meet with them if one were to travel continuously 
along the wire of the coil. A small magnetizing-spiral, in 
which an ordinary sewing-needle could be placed, was also 
inserted in the secondary circuit. The position of this spiral 
will be denoted by placing a — between the letters denoting 
the electrodes between which it is placed: thus ABCD—HI 
denotes that the electrode B was connected with the electrode 
C, the electrode D to the electrode H, while the ends A and 
F were free ; the magnetizing-spiral was placed between D 
and EH. Again, AB—CDEF denotes that the electrode B 
was joined to D, the electrode C to E, while the ends A and 
B were free ; the magnetizing-spiral was placed between B 


and D. 
* Communicated by the Author. | 
Phil. Mag. 8. 5. Vol. 12. No, 72. July 1881. K 
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The current through the primary circuit was produced 
by three Grove cells connected in series. The primary cur- 
rent was broken six times whilst the same needle was in the 
magnetizing-spiral, in order to get rid of any irregularities in 
the breaking of the contact. It was found to be a matter of 
indifference whether the needle was left in the spiral whilst 
contact was made in the primary circuit, or whether it was 
taken out for each make: this is doubtless owing to the make © 
being a much more gradual operation than the break. The 
intensity of the currents through the spiral was estimated by 
the magnetization of the needle placed inside it, which was 
determined by the number of times the needle oscillated ina 
minute when suspended by a silk fibre. A new needle was, 
of course, used for each experiment. 

If now the secondary coils be arranged according to the 
scheme denoted by ABCDEF, then in whatever part of the 
secondary circuit the magnetizing-spiral be placed, no ap- 
preciable magnetization of the needle occurs. If, however, 
the secondaries were connected up according to the scheme 
AB—DCEF, then a needle which had been inside the mag- 
netizing-spiral vibrated in one case 294 times a minute, in 
another 28. If the circuit was closed by joining the ends A 
and F’, then a needle placed in the magnetizing-spiral vibrated 
50 times a minute; so that the magnetism produced in the 
open. circuit is quite comparable with that produced in the 
closed. In some experiments to be described later the mag- 
netism produced in the open circuit was actually greater 
than the magnetism produced in the same circuit when closed. 
If the coils were arranged according to the scheme ABDCHF—, 
the order of the coils being the same as before, but the mag- 
netizing-spiral being put at the free end of the secondary 
instead of in the middle, then a needle placed inside the mag- 
netizing-spiral vibrated only 3 times a minute. If, however, 
every thing be kept the same as before, except that the ends 
A and F are connected with the plates of a condenser of about 
half a microfarad capacity, the magnetizing-spiral being 
between the end F and a plate of the condenser, then a needle, 
after being placed inside the magnetizing-spiral, vibrates 41 
times per minute. 

These experiments show that in some cases there is a consi- 
derable transference of electricity along some parts of the 
coil, even although it be open. This is due to the fact that 
the coil acts like a condenser; and the difference between the 
two cases mentioned above can be easily explained. Yor if 
we proceed along the secondary coil, the potential produced 
by the break of the primary circuit will increase continuously 
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if we always go round the coil in the same direction. Now 
when the coils are arranged according to the scheme 
ABCDEF, two neighbouring windings of the coil can differ 
at most in their potentials by the rise in potential due to one 
layer of the wire; but when the coils are arranged according 
to the scheme AB—DCEF, the last layer of the first coil 
differs from the first layer of the second by the rise in poten- 
tial due to the whole length of the second coil, or by the rise 
due to about 100 yards of wire. Thus in this case we have 
two places of very different potential near together ; in other 
words, we have the condition necessary for a condenser of 
large capacity. The consequence of the coil possessing this 
electrostatic capacity, is that when the electromotive force 
produced by the breaking of the current on the primary acts 
upon it, the electricity is distributed in lumps, as it were, along 
the coil, being lumped up in the places of great electrostatic 
capacity. In consequence of this irregular distribution of the 
electricity, electrical oscillations, which will last until destroyed 
by the resistance of the wire of the coil, are set up, just as in 
a canal, if the water be heaped up in some places and de- 
pressed in others, the water does not sink at once to rest, 
but oscillates until the oscillations are destroyed by friction. 
The motion of the electricity during these electrical vibra- 
tions will constitute a current through the coil which will 
magnetize the needle. 

The fact that the magnetism produced in a needle placed 
in the magnetizing-spiral is different when the spiral is 
placed in different parts of the secondary circuit, the ar- 
rangement of coils in the secondary remaining the same, 
shows that the current is not the same all along the secondary. 
If this be the case, the electricity must accumulate on the 
wire of the coil; and consequently the coil must act as a con- 
denser. This was strikingly shown in the experiments referred 
to above, when, with the coils arranged according to the 
scheme AB—DCHF, the needle vibrated 29 times per minute; 
whilst with the arrangement ABDCHIF— it only vibrated 3 
times per minute. It is also well shown in the following 
case: with the coils arranged according to the scheme 
AB—DCHF, 29 vibrations per minute were produced; but 
if the magnetizing-spiral was placed between C and Hi instead 
of B and D, so that the arrangement was that denoted by 
ABDC—EF, only 15 vibrations per minute were produced. 

It is not necessary in these experiments to have three 
secondary coils; many of the effects can be produced with two, 
as in the following experiments. The ends HE and F of the 
third coil were joined, so that it was altogether out of the 

H 2 
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secondary circuit; then, when the remaining coils were ar- 
ranged according to the scheme AB—DO, a needle placed 
in the magnetizing-spiral vibrated only 7 times a minute; 
whilst if the coils were arranged according to the scheme 
BA—DGC, a needle vibrated 36 times per minute. This dif- 
ference can be explained in the same way as the correspond- 
ing one in the case of three coils. 

A very marked difference between the behaviour of closed 
and open circuits is shown if, instead of breaking the primary 
circuit by a key in the ordinary way, we connect the points 
where the circuit would be broken with the opposite plates of 
a condenser of large capacity, so that at the break, instead of 
a spark passing, we have the electricity rushing into and 
charging the condenser. With a closed secondary this has 
the effect of slightly increasing the intensity of magnetization 
of a needle placed in the magnetizing-spiral (see Lord Ray- 
leigh’s paper “ On an Electromagnetic Experiment,” Phil. 
Mag. June 1870); but with an open secondary cireuit it has 
in general a most marked effect in the opposite direction, in 
some cases, indeed, appearing to produce hardly any magneti- 
zation at all. This is shown in the following statement of the 
result of some experiments :— 


Number of vibrations per | Number of vibrations 


Scheme of coils. minute with condenser in | without condenser in 
primary circuit. the primary. 
ABFE—DC 5 28 
BA—DC 6 36 
BA—DC 4 33 


In the last experiments the coil EF did not form a part of 
the secondary circuit. 

The effect is thus very marked. An exception to this, 
however, occurs when, instead of using the electrostatic capa- 
city of the coil itself to produce the magnetization of the 
needle, we arrange the coil so that its electrostatic capacity is 
small, but increase it artificially by connecting the free ends 
of the coil with the opposite plates of a condenser. Under 
these circumstances the introduction of a condenser into the 
primary does not produce nearly so much difference in the 
magnetization of the needle. This is shown by the following 
experiments, in which the secondary coil was arranged accord- 
ing to the scheme ABCDEF, which gives the least electro- 
static capacity to the coil; but the ends A and F were con- 
nected with the opposite plates of a condenser whose capacity 
was about one third of amicrofarad. The magnetizing-spiral 
was placed between A and one of the plates of the condenser. 
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Number of vibrations per minute 


with condenser in primary. Number without. 
48 52 
43 D3 


So that in this case the effect of putting a condenser in the 
primary circuit was not nearly so great as when the magneti- 
zation of the needle was due to the electrostatic capacity of 
the coil itself. When the condenser in the secondary circuit 
was taken away and the secondary circuit closed, a needle 
placed in the magnetizing-spiral vibrated 23 times per minute, 
and it was magnetized in the opposite way to what it was 
when the secondary circuit was open: this, indeed, was found 
to be a general rule; the magnetization of the needle pro- 
duced by any arrangement of the secondary coils when open 
was always of the opposite character to that produced when 
the same circuit was closed. In the experiment just described 
it will be seen that the needle vibrated about twice as fast 
when the secondary was open as it did when the secondary 
was closed, which shows that in this case the intensity of 
magnetization was about four times greater with an open cir- 
euit than with a closed one. 

For the explanation of these results we must go, I think, 
to the equations giving the motion of the electricity in the 
coil. 

If L be the coefficient of self-induction of a coil, C the capa- 
city of a condenser to which its ends are attached, then the 


kinetic energy of the coil when a current # is going through 
a2 
it is $Lx’, the potential energy is LG ; so if we neglect the 


resistance of the coil, as we may doif the time-constant of the 
coil be large compared with the time of electrical vibrations 
in the coil (for then the effects of resistance will be inappre- 
ciable during the first few electrical oscillations in the coil), 
the equation of motion is 


Oa = ==). 


or the period of electrical oscillation =2m7./LC. Now if an 
, satapaliee Th : 
electromotive force whose period is —, which we may repre- 


sent by F sin pt, acts on the wire of the coil, the equation satis- 
fied by the current is 


La’ + a =F sin pt, 
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or 
£ sin pt 
val 
Ewer S 
Cs : 
Now, if = be very much greater than p”, this will be very 


much less than eee the expression for « when there is 
no condenser in the circuit, and will be of the opposite sign ; 
so that the quantity of electricity travelling along the wire of 
the coil at any time is very much less in this case than when 
the circuit is closed, and also the electricity moving along the 
wire at any time is of opposite signs in the two cases. ‘These 
remarks will apply, I think, to the experiments last mentioned. 
When we connect the breaking-points of the primary cireuit 
with the plates of a condenser, we produce an electrical oscil- 
lation in the primary circuit whose period would be 2% LC, 
if the secondary coil were not present, L, being the coefficient 
of self-induction of the primary, and C, the capacity of the - 
condenser to the plates of which the breaking-points of the 
primary are attached. These electrical oscillations in the pri- 
mary will give rise to an electromotive force in the secondary 


which we may express by F sin ————; but the secondary 


1Vy 

circuit itself possesses both self-induction and electrostatic 
capacity, and thus can be the seat of electrical oscillations 
whose free period would be 2a/1L,.C,, L, being the coeffi- 
cient of self-induction of a current in the secondary coil, and 
C, its electrostatic capacity. Now, since the currents in the 
secondary are local, L, will not be the coefficient of self- 
induction of the whole secondary circuit, but probably of only 
a comparatively small part of it, so that L. will be much less 
than L,; and as the condenser in the primary is of large 
capacity and C, is only the electrostatic capacity of the coil 
itself, C, will in all probability be much less than C,. Hence 
2ma/ LC, will be very much less than 2a/1,0,, or the 
natural period of electrical vibrations in the secondary is very 
much less than the period of the electromotive force acting 
upon it. But the investigation we have just gone through 
shows that in this case the amount of electricity passing along 
the wire is very much less than it would be if the secondary 
were closed, and that the electricity passing at any time is of 
opposite signs in the two cases. This explains the great de- 
crease in the magnetization of the needle, and the magnetiza- 
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tion being of opposite sign to that produced when the secondary 
circuit is closed. 

When, however, the coil is arranged according to the scheme 
ABCDEF, and the ends A and F are connected with the plates 
of a condenser of large capacity, so that now the coil itself 
possesses little or no electrostatic capacity, then the currents 
will evidently be much less local than before, and will pro- 
bably be pretty uniform throughout the coil. Thus L,, the 
coefficient of self-induction of the secondary circuit, will be 
greater than it was, and will probably not differ very much 
from Ly, the coefficient of self-induction of the primary cir- 
cuit, as the coils are of approximately equal length; and 
since the capacity of the condenser in the secondary is 
large, C, will be greater than it was in the former case, when 
it was the electrostatic capacity of the coil itself. Thus both 
L, and C, are larger than they were before, and consequently 
- the free period of electrical vibration in the secondary circuit 
will be much nearer the period of the electromotive force ; 


thus the denominator in the expression for the current 2 will 
be much smaller than it was, or the current will be much 
greater. This agrees with the experiment last described, which 
showed that the diminution in the magnetization of the needle 
due to the introduction of a condenser into the primary was 
much less in this case than it was before. When there is no 
condenser in the primary, the equations to determine the 
initial currents are much the same, whether the secondary 
circuit be open or closed, the only difference being that when 
the secondary is open, as the currents are local and not the 
same all along the coil, the coefficients of self-induction and 
mutual induction will be less when the secondary is open 
than when it is closed ; and as Lord Rayleigh has proved that 
in a secondary with a few windings of wire, a needle is mag- 
netized more strongly than in one of more windings, we should 
expect, if there were only one of these local currents, that a 
needle placed in it would be magnetized more strongly than 
when the circuit was closed. The existence of several of these 
local currents complicates the question, and reduces, of course, 
the intensity of each of them. In some cases, however, the 
reduction of the intensity from this cause is not sufficient to 
counterbalance the increase due to the other cause, as in the 
case last described, when the needle vibrated twice as quickly 
after being placed in the open circuit as it did after being 
placed in the closed, It must be remembered, too, that when 
the secondary is open, the currents are oscillatory, and so are 
first in one direction and then in the opposite; this must have 
the effect of diminishing their magnetizing-power, though we 
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do not know enough about the action on magnets of currents 
first in one direction and then the opposite to say how much. 

The results obtained when the condenser was put in the 
primary appear to have important bearings on the theory 
of Ruhmkorff’s coil. The secondary of a Ruhmkorff’s coil 
will no doubt possess very considerable electrostatic capacity; 
this will, as we have seen, give rise to local currents, which 
exist although the secondary be closed. Now these local cur- 
rents will interfere with the main current, and will fritter 
away energy. The experiments just described show that the 
introduction of a condenser into the primary circuit will dimi- 
nish very materially the intensity of these local currents, and 
so cause much less energy to be frittered away. I therefore 
think it probable that part of the cause of the superior eftici- 
ency of a coil provided with a condenser in the primary is due 
to this effect of the condenser. 


Some points of interest arise when we keep EF out of the 
secondary circuit, still keeping the magnetizing-spiral in the 
secondary. Thus, the intensity of magnetization of a needle 
placed in the magnetizing-spiral is found to be different, accord- 
ing as the coil EI is closed, has its ends free, or has them con- 
nected with the plates of a condenser. 

We shall begin with the case when the secondary ABCD 
is closed. Then with EHF closed, a needle vibrated 24 times 
a minute ; with EF open, 44 times; and with the ends HK and 
F connected with the plates of a condenser, 43 times. In 
another experiment a needle vibrated 23 times with HF closed, 
33 times when EF was open, and 36 times when H and F 
were connected with the plates of a condenser. It is easy 
to see that the magnetization should be greater when the 
coil HF is open than when it is closed; for when it is closed, 
an induced current is formed in it, which, since the electro- 
kinetic momentum of the coils is the same after the break as 
it was before, must be at the expense of the current in the 
secondary, and thus the current in the secondary is diminished. 
But it is not so evident, a priori, why joining the ends H and 
F to the plates of a condenser does not make the coil HF 
behave almost as if it were closed; we can, however, I think, 
find an explanation by going to the dynamical equations. 

Let L denote the coefficient of mutual induction between 
the primary and secondary circuits, M the coefficient of self- 
induction of the secondary, and N the coefficient of mutual 
induction between the secondary and the coil EF; then if 
1, j, & denote the currents through the primary, secondary, and 
the coil HF respectively, the dynamical: equation is 
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¢(Li+ Mj+Nz)=0. 


Integrating this equation from before the break till after, we 
get, if there be no condenser in the primary, 


Mj) + Nk=ILy, 
where y is the original current through the primary circuit ; 
. Lay—Nk 
Now, if the coil EF be open, & will be zero, or, at any 
rate, very small; for though from its electrostatic capacity 
some current may exist in HF, yet, from the way HF is 


wound, its electrostatic capacity must be small, so that ap- 
proximately 


nosy 

ms 

Now, when the coil EF is closed, 
._ Ly—Nk 
i M b) 


where k is the current in the coil HF which is quite compa- 
rable with y; so that in this case 7 is much less than when the 
coil HI’ was open; but if the coil KF has its extremities con- 
nected with the plate of a condenser, then, again 

._ Ly—Nk 

iy) M : 
Now in this case the current in the coil EF will be oscillatory, 
so that k may have any values, positive or negative, within 
certain limits. Thus, although the initial value of 7 is perhaps 
not much greater than when the coil HF is closed, yet after 
k has completed a second oscillation and attained its maxi- 
mum negative value, 7 will then not only be greater than when 
the circuit HF is closed, but will be even greater than when 
it is open. These theoretical conclusions agree with the expe- 
riments mentioned above, which are examples taken at random 
from a great number of experiments. 

If the secondary coil be open instead of closed, the phenomena 
are byno means the same. It was found, under these circum- 
stances, that the magnetization of a needle placed in the 
secondary was much less intense when the coil EF’ was open 
than when it was closed, which is exactly opposite to what 
took place when the secondary was closed. The following 
results, taken at random from many experiments, will show 
how clearly this effect is marked. 
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First Huperiment. 
Number of vibrations of 


Scheme of coils. needle per minute. * a a = He 
nds li and F to plates 
BA—DC 36 of condenser. 
BA—DC yA Ends free. 
BA—DC 34 | Circuit closed. 
Second Experiment. 
BAD i 35 Ends and F to plates 
of condenser. 
BA—DC 17 Ends free. 
BA—DC a0 | Circuit closed. 
Third Experiment. 
ABDC | AO § | Ends to plates of con- 
| U| denser. 
ABDC. 4 12 Ends free. 
AB =p» 35 | Gireuit cloced: 


The following working may perhaps throw some light on 
these results. 

If we have two coils, (1) and (2), with ends connected with 
the plates of two condensers whose capacities are C, and OC, 
respectively, and if L and M be the coefficients of self-induc- 
tion of the coils (1) and (2), and N the coefficient of mutual 
induction between them, then, if # and y are the quantities of 
electricity that are in the condensers at any time, the equations 
satisfied by # and y are 


ax d?y 
a ge ae ae we 
or if 
ea AS pe. 
y=B sin pt, 
then 
1 
A(— —Lp? )—BNp’=0 
(= —ly* )—BNp*=0, 
1 
—ANp’?+B( — —Mp? ) =0. 
S (6, ) 
Eliminating A and B, we get 
Se Pe Ligh ot tee ae 
PY rwls, + a.) + (LM—N)0,0, ~ 
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If the roots of this equation are p; and po, then 
w=A, sin p,t+A,sin pot, 


A,(& —Ipt) Ax(5 — Lp) 
l= C; sin pyt-+ C, SIN Dol, 
Np} Np; 


or, as it will be more convenient to write them, 
a= A! cos pit + A’ cos pot, 


Ae - Lp} ) A"(& — Ly?) 
eee ee 2a 2. COS fyb + Na COS Pol. 
Np? Np? 

Now, if 7 and 7 are the initial currents in the coils (1) and 
(2) respectively, and if they are produced by breaking a pri- 
mary circuit through which a current / flowed, i and J will be 
determined by the equations 

Ni + Mj — Gy ; 
where F and G are the coefficients of mutual induction between 
the primary and the coils (1) and (2) respectively. Thus 1 
and 7 are independent of the capacities of the condensers in 
the circuit. 

A’ and B’ are given by the equations 


iA p AM, 
i= opt oxpp wt 
= 
(Nj+LI)G= 7 + i 
Oia 3 Hs ae 
ae —OHj=4"(5—-—5) 
gy =a (=, — Fe) 


Now, if p, be >p,, then A” is >A’; so that in x the term 
of shortest period has the largest coefficient. 
If the circuit (2) be closed, then 


=1c0s pt, 
Oa Fay 
y= =e + (j = cos pe; 
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where 


fp eens ata 
C, (LM — N?y 


The equation to determine p in the most general case was 


ee 
PIM)? (G, Z a)* C,C,(LM—Ny : 


It is evident that this equation in p” has one root greater 
\ 
and one root less than O,(LM—N®)’ the value when the cir- 


cuit (2) was closed; and it is evident from the equation that 
if we diminish C,, the capacity of the condenser, (2) we 
increase one, at any rate, of the roots of this equation. 

Now, if the process of magnetization requires a time at all 
comparable with the period of an electrical vibration in the 
coil, so that we might expect the magnetization produced by 
an oscillating current to get less as the time of oscillation ap- 
proached the time required for magnetization, then the effect 
of diminishing the capacity of the condenser in the coil (2) 
would be to diminish the magnetization produced in coil (1). 
For the effect of diminishing C, was, as we saw, to shorten 
the shortest of the periods of vibration, which, if the above 
hypothesis be right, would have the effect of diminishing the 
magnetization due to this part of the current «; and as we 
proved the coefficient of the term of shortest period in « was 
the greater, the greater part of the energy would be due to this 
term. Thus the effect would be to diminish the magnetizing- 
power of the coil. 

This corresponds to the experiments described if the coil (1) 
refer to the secondary circuit, and the coil (2) to the coil HF. 
When the coil HF has its ends attached to the plates of a con- 
denser of large capacity, C, is very large; but when it is open, 
©, is equal to the electrostatic capacity of the coil itself, which 
will probably be very small comparatively. Thus the effect of 
disconnecting the ends of EF from the condenser and leaving 
them free, is to decrease very greatly the value of C,. This, 
according to the reasoning just given, ought to diminish the 
magnetizing-power of the secondary: a reference to the result 
of the experiments will show that it actually did so to a very 
large extent. A similar explanation will explain why the 
magnetization ought to be greater when EF is closed than 
when it is open. ; 

The above experiments were made in the Cavendish Labo- 
ratory, Cambridge. 
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Symbolic Logic. By Joun Venn, M.A., Fellow and Lecturer in the 
Moral Sciences, Gonville and Caius College, Cambridge. London: 
Macmillan and Co. 


R. VENN’S work forms an important contribution to the 
Modern Logic, and is destined to give a great impetus to 
the study and development of that science. 

One excellent feature of the work is the amount of information 
it contains about the results reached by the early mathematical 
logicians. These logicians flourished before logic had been divorced 
from mathematics ; and some of them had got a good way towards 
establishing the science on an analytical basis—Lambert in parti- 
cular. Indeed, he appears to me to be quite sound on a nice point 
with respect to which Mr. Venn is inclined to think him not free 
from error (p. 272). The question is as follows :—Given ay= ew, 
where each of the symbols denotes a class of things, is it correct to 
conclude that “= = ? Lullustrate the question by the accompany- 
ing diagram (fig. 1). Suppose we 
restrict our attention to the part of 
the page within the square: let x 
denote the part included in the one 
circle, y the part included in the 
other circle, z the part stroked 
downwards from right to left, w the 
part stroked downwards from left 
to right. Here we have vy=zw; 
and the diagram is quite general in < 
every other respect. The principle ~ . 
upon which I should proceed is as | . 


wv Me Oo 
follows: — =— is a legitimate de- 
come Y 
duction, because the symbols are commutative in wy and in 2w; 
: GD w : : 
and the meaning of 2 and of — must be fixed so as to suit this 


deduction. By the Boolian process of development, 


ee ee as lia, oy Op aeRO men NaT, ate Nt 

See gv a)+7C eer Ul vy(1l—z); . 
and 

oe : wil—y)+ ; (1L—w)y + 5 (L=w)(1=y). 


The coefficients direct us to include the first term, to exclude the 
third term, and (we will assume) to take a part of the fourth term. 


} , x w . 
Looking at the diagram, we then find that — = x may be taken to 
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mean 
(142)434 * o(1—2)=(1+3)+2+ 5 w(l—y)s 

hence : 

ye ae ee a 

qr 2 = 5 w(l—y), 


which appears to mean 
4=—4, 


The most general meaning of - cannot be considered to bea class 


which, on restriction by z, produces x; that is its meaning only 
when a(1—z)=0. It appears that we are entitled to equate the 
sum of the first and fourth terms on the one side to the sum of the 
first and fourth terms on the other side, and the second term to the 
second. But we are certainly not entitled to equate, as Mr. Venn 
thinks we are, the first to the first, and the fourth to the fourth. 
For let v(1—z)=0 and w(1—y)=0, then the state of affairs is still 
represented by (1+2)+3=(113)+2. 

Another excellent feature of the work, and the one which appears 
to me to display the greatest amount of originality, is the invention 
of appropriate diagrams to represent the classes into which the 
whole is broken up when a given number of attributes are taken into 
consideration. Intersecting circles suffice in the case of two or 
three attributes; but when the number is increased to four, we 
encounter the difficulty of making four closed plane figures inter- 
sect so that each of the resulting classes is continuous. Mr. Venn 
succeeds, by means of ellipses, in drawing figures which make the 
final classes continuous, though some of the intermediate classes 
are detached. He has also Fic, 2 
shown how to apply these Bee ge Le 
diagrams to express data, by y 
shading the classes which 
are given to be non-existent. 
A paper describing this me- 
thod appeared in the Philo- 
sophical Magazine for July 
1880. To investigate the 
above problem, the method 
gives us the four-ellipse dia- 
gram (fig. 2); and the condi- 
tion expressed in the equa- 
tion xy=zw is expressed by the shading out represented. Itindi- 
cates the same conclusion as the other figure. 

A difficulty arises in the application of this process of shading- 
out in the case of the contrary class (pp. 271, 281), owing to the 
fact that Mr. Venn does not represent the whole class of things 
considered by an enclosure such as the square in fig. 1. Not only 
does the shading-out process require this, but the logical-diagram 
machine insists upon it (p. 122), This point is intimately con- 
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nected with the view taken of the Universe of Discourse, to the dis- 
cussion of which our author devotes a chapter. Mr. Venn does 
not give an exact definition of the meaning he assigns to this term ; 
but from pp. 128 and 185 I gather that he considers it formed by 
setting limits to the sum-total of logical existence. The conception 
of a universe is held to be, strictly speaking, extra-logical,—a 
question of the application of our formule, not of their symbolic 
statement; and on the symbolic system it is said to be universally 
admitted that the distinction between subject and predicate is lost. 
“We may extend our universe so as to embrace the sum-total of 
logical existence, in which case European includes things other than 
men, and not-European includes the unlimited myriads of entities 
which people that heterogeneous domain.” What I object to is, 
haying any thing to do with the sum-total of logical existence or 
any limited portion of it: 1 object to considering any such hetero- 
geneous subject. The term universe may be used to denote a more 
exact and more useful idea, which is really the idea required to make 
Boole’s processes intelligible. It may be used to denote a collec- 
tion of things all of the same type, such as is denoted by a sub- 
stantive. We hold that the logical function of an adjective is dif- 
ferent from that of a substantive, and so different that the distinc- 
tive cannot be lost sight of in any exact symbolic system. The 
logical function of an adjective is to express an attribute—in the 
language of the grammarians, to qualify a substantive. ‘‘ Black” has 
a certain meaning in itself; but it can no more denote a class of 
things before being applied to a particular type than can a number 
such as 2 denote a quantity before bemg applied to some unit. But 
Mr. Venn says (p. 181) that “ we all know what is in most cases to 
be included under the name ‘black.’” I reply that we know only, 
provided we are given the logical type to which the attribute 
refers. Otherwise the supposed class must include black men, 
black berries, black birds, black coats, blacking, &c.,—and not only 
the black men, but the black hairs on the heads of the black 
men, their black skins, but, m general, not their teeth—and not 
only the black hairs, but the black particles of each black hair— 
and so on ad wnfinitum. Here, at all events, there is danger of 
counting twice, and of haying some impossible subtractions to 
perform. Man, berry, bird, coat, particle of blacking, hair, skin, 
tooth, each denotes a kind of logical unit, to any one of which black 
may be applied as a qualification. This conception of a universe, 
mstead of being extra-logical, seems to me to be one of the funda- 
mental ideas of the science. 

‘Symbolic Logic’ possesses a feature which could scarcely be an- 
ticipated in a work coming from so great an authority on the Theory 
of Probability, namely an aversion to all quantitative considera- 
tions. “So far from being fairly open to the charge of being too 
numerical, we are really more open to that of being almost pru- 
dishly averse to being seen or thought to enumerate, as will be 
found when we discuss the treatment of particular propositions ” 
(p. xxii). Turning to p. 169, we find:—‘ To exclude them (par- 
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ticular propositions) from our rules would only be a slightly greater 
encroachment upon the full freedom of popular speech than has 
already been brought about by the exclusion of such terms as ‘ many,’ 
‘most,’ and others of a somewhat quantitative character.” Mr. Venn 
consequently restricts himself generally to what may be called uni- 
versal propositions. But suppose that we have the data wy=20 
and «= 20; from these numerical propositions, though each is despi- 
cable in itself, we obtain, when combined, the important universal 
proposition x=wy. ‘To exclude number is to draw avery arbitrary 
line. Connected with this is the standpoint involved in the title 
‘Symbolic Logic,’ a standpoint with which as it is explained in the 
work we are not wholly satisfied. It appears to us that Boole’s 
work, properly understood, leads rather to the conception of an 
Algebra of Logic; not an Algebra of 0 and 1,as Boole understood 
it, but an Algebra in which an elementary symbol may have any 
value between 0 and 1. Im every properly expressed equation the 
quantitative value of the one member is equal to the quantitative 
value of the other member. The identity of two groups of the same 
kind of logical unit surely involves equality in the numbers of those 
groups. Thus viewed, the science is every whit as quantitative as 
ordinary Algebra. 

Chapter XII. contains a series of original problems which are 
used to illustrate the subject. The various neat methods employed 
there and throughout the work lead us to the conception, not of a 
limited system (a word which is a fallacy in itself), but to the con- 
ception of a science which is limited only in the sense that the 
portion which has been made actual knowledge is limited. 

A, MACFARLANE, 


An Introduction to Logic. By W. H. 8S. Moncx, I.A., Professor of 
Moral Philosophy in the University of Dublin. Dublin: Hodges, 
Foster, and Figgis, Grafton Street. 1880. 

Professor Monck’s work consists of two parts—the one devoted 
to an elementary exposition of the subject, the other to the discus- 
sion of questions more suitable to the advanced student,—the two 
together forming an excellent manual on the Aristotelian Logie. 
But while Prof. Monck describes with exactness and precision the 
whole province he has traversed, we cannot but consider that pro- 
vince artificially limited. ‘The fact is that Logic does not draw 
inferences at all, but only lays down rules for drawing them ” 
(p. x). In accordance with this, Logic cannot help us to conclude 
from “ John is the father of Thomas” that “Thomas is the son of 
John ;” but suppose we know that “If John is the father of 
Thomas, Thomas is the son of John,” and that “ John is the father 
of Thomas,” then Logic can assure us that Thomas is the son of 
John. In accordance with this theory of the function of Logic, we 
have (at p. 70), ‘“ An argument of this form—three-fourths of the 
army were killed; three-fourths of the army were Prussians ; 
therefore some of the Prussians were killed—is logically incom- 
plete ; and to complete it we must state in terms that any two frac- 
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tions of the same whole, each amounting to three-fourths (or to 
over one-half) must have a common part,—a truth so obvious that 
few persons would think it necessary to state it, but which never- 
theless is taught by arithmetic, not by logic.” If the science of 
Logic must hand over so simple a matter as this to Arithmetic, it 
cannot be surprising to any one that every book on Logic devotes 
several pages to discussing the time-honoured question of the utility 
of what it has to offer to the reader. But Prof. Monck is perhaps 
not aware that if he hands over the proof of this piece of reasoning 
about the killed Prussians to the algebraist, he hands over along 
with it the proof of every syllogistic mood. This was shown by 
De Morgan ; but the proof has been given in a more complete form 
in Macfarlane’s ‘ Algebra of Logic,’ where the validity of each mood 
is proved from the principle which suffices to prove the above piece 
of reasoning, and the necessary reductions required to bring a given 
mood under that principle are shown to correspond to the Aristo- 
telian process of Reduction. 

In one of his advanced chapters Prof. Monck deals very effec- 
tively with Analytical and Synthetical judgments; and at page 134 
we have some remarks on the difference in function of the subject 
and the predicate which are worthy of the attention of symbolic 


logicians. 


Siw Lectures on Physical Geography. By the Rev. 8S. Haveuron, 
F.RS., M.D, Dubl., D.C.L. Oxon. Dublin: Hodges, Foster, and 
Co. London: Longmans and Co. 1880. 


Physical Geography comprises so greata variety of subjects, that 
it is somewhat difficult to compress in a moderate compass the 
leading facts and principles of the science. Being generally taught 
in schools and colleges, and forming one of the subjects of science 
examinations, many text-books have been prepared, varying in size 
and character according to the views entertained by the different 
authors as to the extent and bearing of Physical Geography. To 
these may now be added the above treatise by Prof. Haughton; 
although recently published, it is chiefly based on a short course 
of lectures given five years ago, the substance of which, carefully 
revised and considerably enlarged, with numerous notes, maps, and 
diagrams, forms the present volume. 

The first two lectures treat of the past history (including the 
nebular hypothesis of Laplace) and future prospects of the Earth 
as inferred from the phases which the Moon, Mars, and Venus 
have undergone or are now passing through,—and also of the 
origin, form, and distribution of continents, oceans, and mountain- 
chains, as well as the phenomena exhibited by volcanos as connected 
with the contraction of the earth’s crust due to secular cooling. 

In the third lecture, besides the law of atmospheric and oceanic 
circulation, the author treats of the scale of geological time during 
the Azoic, Paleeozoic, and Neozoic periods, and shows, from calcu- 
lations given (pp. 90-92), that by comparing the percentages of 
the maximum thicknesses of the stratified rocks with the per- 
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centages of time found from the theory of a cooling globe, there is 
a remarkable agreement, and strongly justifies the principle held 
by many geologists, that the proper relative measure of geological 
periods is the maximum thickness of the strata formed during 
those periods. 

The fourth and fifth lectures are devoted to the distribution 

and origin of the rivers and lakes of Europe, Asia, 8S. America, and 
Africa, including details as to their drainage-areas, rate of denuda- 
tion of the different rain-basins, and matter discharged by the 
rivers. Orographical maps of the two latter continents are given, 
in order to show the great superiority of S. America over Africa in 
the manufacture of rivers, as fully explained (pp. 204-248). 
_ The geographical distribution of animals and plants forms the 
subject of the concluding lecture, in which the author gives an out- 
line of the more important facts, and the attempts that have been 
made to explain them. The groups of animals selected for illustra- 
tion are the King-Crabs, Ostrich family, non-placental Mammals, the 
Edentates, Humming-birds, and the Monkeys and Apes. ‘The dis- 
tribution of the subdivisions of the above groups is given, as also 
of their fossil ancestors as bearing on the origin of the present 
forms. 

The zoological regions are adopted from Mr. Wallace, but with 
different names, viz. the Europasian, N. and 8. American, African, 
Australian. These five natural regions are related to the ancient — 
land-systems of the globe defined by the meridian axes of elevation, 
of which there are two in the northern and three in the southern 
hemisphere, as described by the author (pp. 20, 29), and which date 
back as far as the earliest sedimentary deposits, modified, as in the 
case of Europasia, by an east-and-west small-circle chain, which is 
only of Tertiary origin. The characteristic animals of these differ- 
ent zoological provinces are given, and their relation to the pre- 
glacial fauna of the same regions. 

To the above five regions an Oriental, or supplemental one is 
added, as it does not owe its origin or fauna to any of the primary 
continents of the northern or southern hemisphere, but seems to 
have been supplied by immigration. It contains all tropical Asia 
east of the Indus, with the Malay islands as far as Java, Borneo, 
and the Philippines. | 

In the geographical distribution of plants the author follows 
Bentham, who recognizes three great floras, the Northern, Southern, 
and the Equatorial Tropical. Details of the characteristic forms of 
these floras are given ; but with regard to the entire flora of the globe 
having one origin only, as believed by some botanists, he consi- 
ders it to have had two origins, from both poles (pp. 288, 318). 
A comparison of the present and Miocene floras and climates of 
the Arctic regions concludes this lecture (pp. 313-345). From 
the facts stated, it is inferred :— 

1. The Miocene July temperature of Grinnell-land, Spitzbergen, 
was 28° F. higher than at present. 

2. The Gulf-stream, which is now the cause of the difference 
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between the climates of the above places, occupied in Miocene 
tumes the same position as at present, and performed the same 
friendly function to Spitzbergen. 

3. The Atlantic Ocean occupied its present position; and the 
wmpossible bridge between Greenland and Europe did not exist. 

Climate in past and present times, and its influence on the dis- 
tribution of animal life, is frequently referred to; and the deduc- 
tions on the causes of geological climates deserve a careful, if 
not a critical, consideration. From a series of calculations on the 
effects of sun-heat, earth-heat, and atmospheric conditions as the 
sole causes respectively of changes in geological climates, the author 
gives the following probable conclusions :— 

1. We must reject any solution based upon a change of posi- 
tion, either in space or within the earth’s body, of the axis of rota- 
tion, within the limits of geological time. 

2. We must reject any solution based upon the secular cooling 
of the earth (with a fixed axis of rotation), regarded as the sole and 
immediate cause of the change of climate. 

3. The chief factor in changes of Geological Climate appears to 
have been the slow secular cooling of the sun, in consequence of 
which the earth’s surface cooled gradually down. 

Generally speaking, the broad facts and leading principles of 
Physical Geography, and their explanations, are differently treated 
than in many other manuals on the subject. 


Practical Plane Geometry. By Joun W1IiLLIAM PALLISER. 
Simpkin, Marshall, and Co. 1881. 


This is an excellent treatise on Constructive Geometry, and far 
more comprehensive than most elementary books on the same sub- 
ject. It treats of the straight line, angles, circles, proportional parts, 
equivalent figures, the generation of various curves (not often 
introduced into even more pretentious books), and the construction 
of scales. It is well adapted to the requirements of pupils pre- 
paring for examination at South Kensington, and the Preliminary 
examinations for entrance to Sandhurst and Woolwich. The 
constructions are well drawn, and the directions for reproducing 
the various problems clear and sufficient. We may reasonably 
make exception to fig. 6 (p. 7); for the points G and H are not 
mathematically determined. ‘There is, too, a much simpler method 
of inscribing a square in any triangle than the one given on p. 12, 
though the latter is perfectly sound and demonstrable. In speak- 
ing of Representative fractions of plans (p. 59), the author says :— 
“thus +); attached to a plan would show that the drawing is one- 
twelfth the real size.” If the word drawing be taken to apply to 
the plan or map as a whole, and not to a given straight line in it, 
it would do nothing of the kind*. Other equally vague expressions 
occur in various parts of the book. The introduction to Elementary 
Solid Geometry might, we venture to think, be omitted without in 
any way detracting from the value of the book. 

* On the same page 3653 ought to be 86x 5}. 
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Natural Philosophy, for general readers and young persons. Trans- 
lated and Edited from Ganot’s Cours Elémentaire de Physique 
(with the Author’s sanction) by EK. ArKinson, Ph.D., F.CS., Pro- 
fessor of Experimental Science in the Staff College. Fourth 
Edition. London: Longman, Green, and Co. 1881. 


It may be safely asserted that no book on Physics has had a more 
deserved popularity during the past fifteen years among teachers 
and pupils than Dr. Atkinson’s larger work, now in the tenth 
edition. And the reason for this is very obvious: basing the work 
on Ganot’s well-known treatise, Dr. Atkinson, by well-chosen addi- 
tions and amplifications of his own, strove to produce a good book, 
and abundantly succeeded. Improvements on old methods, and 
new discoveries, have in like manner found places from time to time 
in Dr. Atkinson’s excellent book. 

In the work now before us Dr, Atkinson is wisely pursuing the 
same plan. Thus, in art. 516 we find a lucid description of the 
Telephone and its applications in the transmission of sound. Reis 
in 1862 made the first successful experiment in transmitting musical 
sound some distance by aid of electricity. Simple as his apparatus 
was, that used by Professor Graham Bell is still simpler; for he 
dispenses with the electrical battery, and substitutes a small steel 
magnet. 

The subject-matter of the book is greatly elucidated by well- 
executed woodcuts, of which there are no fewer than 471; some 
few of which, we venture to suggest, might be dispensed with with- 
out in any way detracting from the value of the book. 

An Appendix furnishes upwards of 300 questions on the proper- 
ties of matter, liquids, gases, sound, heat, light, magnetism, and 
electricities. Many of these are easy common-sense questions ; 
whilst others can only be answered after a thoughtful perusal of 
the various subjects. They are all very suggestive to both teachers 
and pupils; and we commend them to the former as eminently 
adapted to elementary class-work. 


Teatbook of Systematic Mineralogy. By Hitary BAvERMAN, F.GS. 
Longmans, Green, and Co. 1881. 

As in most modern treatises on Mineralogy, a very large portion 
of this work is taken up by crystallography. In this part of the 
volume there is some amount of original treatment, while full use 
has been made of the existing literature on the subject, from Haiiy 
to Mallard inclusive. It has been brought well up to date, and 
contains some things which have not usually found their way into 
English treatises on Mineralogy. 

Among these may be mentioned a short account of reticular 
point systems, and, again, an explanation of the practical application 
of rationality by means of the anharmonic ratio of a zone. The 
parallelism of geometrical and crystallographic symmetry is perhaps 
more fully utilized than even by Miller, or at all events is more 
fully developed, considerable attention being given to the geome- 
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trical discussion of hemihedrism and tetratohedrism. These some- 
what difficult points are illustrated by shaded drawings, which give 
the student a very clear idea of what hemihedrism really means. 

The notations used are those of Miller and Naumann, side by 
side throughout—the figures bearing Miller’s numbers on their 
faces (except for the hexagonal system, in which Bravais’s modifi- 
cation is adopted), while Naumann’s symbols are used in the 
descriptive text. Explanations are also given of other systems, 
such as those of Weiss and Schrauf. 

We notice as minor deficiencies in the geometrical portion of the 
work, first, that it might have been mentioned a little more distinctly 
that the unclosed forms, which occur in all except the cubic system, 
can only occur in combination; secondly, that in the account of 
twin crystals (p. 167) the distinction between the twin-plane and 
the composition-plane is not very fully explained, and is not illus- 
trated specifically ; although a figure of the Carlsbad twin, in which 
these two planes do not coincide, is given elsewhere (p. 181). 

These are, perhaps, not very important points: the first will 
speedily force itself on the attentive student; and as regards the 
second, it may be said that no one has a right to assume the iden- 
tity of two things which are arrived at by different considerations 
without proving them to be identical. 

The optical properties of crystals are considered at somewhat 
ereater length than is usual in elementary treatises ; and compre- 
hensive tables are furnished of the optical constants of the trans- 
parent minerals. 

In the chemical portion of the work, the author has adopted the 
classification followed by Rammelsberg in the second edition of his 
Handbuch der Mineral. Chemie, which is now regarded as the stan- 
dard authority upon the chemistry of minerals. 

The present volume, which completes the systematic part, is 
to be followed by another upon descriptive Mineralogy. If the 
forthcoming volume be prepared with the same ability and pains- 
taking care which is exhibited in that now before us, the two will 
constitute a reliable elementary textbook which cannot fail to be 
of the greatest value to students of mineralogy. 


VIII. Proceedings of Learned Societies. 
GEOLOGICAL SOCIETY. 


[Continued from vol. xi. p. 541. ] 


April 6, 1881.—J. W. Hulke, Esq., F.R.S., Vice-President, 
in the Chair. 
ee following communications were read :— 

1. ‘‘ The Microscopic Characters of the Vitreous Rocks of Mon- 
tana, U.S.” ‘By F. Rutley, Esq., F.G.S.; with an Appendix by 
James Eccles, Esq., F.G.S. 

The specimens described were collected by Mr. J. Eccles, F.G.S8. 
They consist of various obsidians and rhyolites, some of them porphy- 
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ritic or spherulitic, which appear to throw some light on the epoch 
at which these structures have been set up. In a black porphyritic 
obsidian is a crystal which the author believed to be olivine. Zirkel 
has already noticed the occurrence of this mineral in a trachyte. The 
structure of some of the above indicates that it is extremely difficult 
to draw hard and fast lines between trachytic rhyolites and fel- 
stones. A tuff containing fragments of a rhyolite, some perlitic, was 
also described. The spaces included within the boundary of some of 
these perlitic cracks exhibit depolarization and sometimes iter- 
ference-crosses. The author considered these to be the result of 
strain in contraction, and connected with incipient crystallization. 

Andesites, from two localities in the northern part of the Yellow- 
stone district, were also described. 

In an appendix Mr. Eccles briefly described the geology of the region 
from which the above specimens were collected, referring for greater 
detail to the memoirs of Dr. Hayden and his fellow workers. In the 
Yellowstone-Park region trachyte and obsidian (the latter being the 
upper) form an irregular plateau, resting on rocks of Carboniferous 
age. No vents were observed; but Mount Washburne, a few miles 
distant, is a broken-down volcanic cone, from which both trachyte- 
and basalt-flows (the latter the newer) have proceeded. 


2. “On the Microscopic Structure of Devitrified rocks from Bedd- 
gelert, Snowdon, and Skomer Island.” By F. Rutley, Esq., F.G.S. 

The first specimen described was found about a quarter of a mile 
from Beddgelert, on the Capel-Curig road. Examined microscopi- 
cally, it showed traces of perlitic structure, with small spherulites, 
both isolated and in bands, not exhibiting radial structure, but appa- 
rently composed of very minute chlorite and a garnet, probably spes- 
sartine. Hence the rock must be a devitrified obsidian or pitchstone. 
The second specimen is a banded greenish-grey “ felstone,” at Clog- 
wyn dur Arddu, of Bala age, which also has probably been vitreous. 
The third specimen, from near Pont y Gromlech, is a schistose felsitic 
rock, This was compared microscopically with an obsidian from 
Hungary and a rhyolite from Gardiner’s River (N. America), and was 
shown to have been probably once a glassy rock. In conclusion 
the author discussed the limits of the terms felstone, rhyolite, tra- 
chyte, and obsidian. 

An appendix was added upon the microscopic characters of some 
rocks from Skomer Island, off the coast of Pembrokeshire. These 
were shown to be devitrified obsidians, some of them exhibiting 
spherulitic and perlitic structures. A trachytic rock and a basalt 
from the same locality were also described. 


3. “The Date of the last Change of Level in Lancashire.” By 
T. Mellard Reade, Esq., C.E., F.G.S. 

The author described some observations made by him at Blundell 
sands, on the coast of Lancashire, near Liverpool, according to which, 
judging from the position of high-water mark, the land had gained 
considerably upon the sea between 1866 and 1874. At one end of 
a length of 3850 yards, spring-tide high-water mark had receded 
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15 yards, and at the other end 5 yards. The author estimated that 
the deposit of sand that had accumulated in 8 years amounted to 
an average of 10 yards width and 2 yards depth. Allowing a further 
depth of 1 yard for sand that may have been blown over the top, he 
finds 10,500 cubic yards as the quantity of sand deposited in 8 
years on a shore-frontage of 350 yards, or 3°75 cubic yards per yard 
of frontage per annum. Applying this unit of measurement to the 
16 miles of coast forming the western boundary of the deposit, he 
gets 105,600 cubic yards as the quantity of sand annually moved ; 
22 square miles of sand, 12 feet thick, give 272,588,800 cubic yards 
of sand accumulated, which, divided by the annual quantity, will 
give 2580 years as the age of the whole deposit of blown sand. The 
author adduced other evidence in support of his view, and concluded 
that if the last change of level in South-west Lancashire was a 
downward one, it could not have taken place within 2500 years. 


April 27.—Robert Etheridge, Esq., F.R.S., President, 
in the Chair. 


The following communications were read :— 

1. ‘On the precise Mode of Accumulation and Derivation of the 
Moel-Tryfan Shelly Deposits; on the Discovery of similar high-level 
Deposits along the Eastern Slopes of the Welsh Mountains; and on 
the Existence of Drift-zones showing probable Variations in the Rate 
of Submergence.” By D. Mackintosh, Esq., F.G.S. 

The author commenced by giving a sketch of the progress of dis- 
covery connected with the Moel-Tryfan deposits. He then described 
certain phenomena connected with these deposits, to which little or 
no attention has been devoted by otner observers. After identifying 
the local stones and indirectly local erratics, he traced the derivation 
of the far-travelled erratics which came from the N. and N.W. He 
drew particular attention to an extensive exposure of slaty lamine, 
the edges of which have been bent by a force assailing the hill from 
the N.W.; and as these edges have been shattered so as to form 
parcels of slate-chips covered by or rolled up in laminated sand, 
along with parcels of clay, he endeavoured to prove that a stranding 
of the floating ice which must have brought part of the erratics 
(including numerous chalk-flints) will alone account for the pheno- 
mena. After describing patches of gravel and sand in other parts 
of Caernarvonshire, referring to the Three-Rock Mountain deposits 
in Ireland (which must have come from the N.W.), and briefly 
noticing the drifts on Halkin Mountain, Flintshire, he entered upon 
the main subject of his paper, namely the discovery of an extensive 
series of marine drifts, including (besides deposits on flat ground) 
about twelve hillocks or knolls, consisting of rounded gravel and 
sand, and, in at least two instances, containing gravel-pits with nu- 
merous shell-fragments. They extend along the east side of the 
northern part of the mountain-range which runs between Minera 
and Llangollen Vale, and are situated at levels between 1100 and 
1300 feet above the sea. The gravel is largely made up of rounded 
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Eskdale-granite pebbles ; and during his last or fourth visit to the 
district, he found a large granite boulder on the axial summit of the 
ridge, about 1450 feet above the sea, showing a submergence of the 
mountain to at least that extent. He went on to assign reasons for 
believing that the sea lingered longer at the level of the sand and 
gravel knolls than lower down and higher up, so as to allow time 
for the extra rounding of the pebbles, accumulation of erratics, 
and multiplication of Mollusca; for he could discover no reason 
for supposing that the mollusks which left the shells did not live 
on or near the spot in the littoral or sublittoral zone. He then 
described a small exposure of high-level rounded gravel and sand 
near Llangollen, and dwelt on the remarkable fact that the marine 
deposits on Moel Tryfan, Three-Rock Mountain (Ireland), Minera 
Mountain, and in Macclesfield Forest occur at about the same alti- 
tude above the sea-level. After proposing a provisional classifica- 
tion of the drift-deposits of North Wales and the Penine Hills into 
zones, Showing probable variations in the rate of submergence, he 
concluded by discussing the question whether the submergence was 
caused by the subsidence of the land or the rising of the sea, without 
venturing to express any decided opinion on the subject, but in- 
clining to the former idea. 


2. “On the Correlation of the Upper Jurassic Rocks of England 
with those of the Continent.” By the Rev. J. F. Blake, M.A., 
F.G.8. Part I. The Paris Basin. 

This was an attempt to settle the many questions of correlation 
arising out of the detailed descriptions given of the various localities 
in the Paris basin where Upper Jurassic rocks are developed, by a 
consecutive survey of them all, undertaken by the aid of a grant 
from the ‘“ Government Fund for Scientific Research.” In previous 
papers the names used for the great subdivisions and their boun- 
daries were adopted without material modification ; in the present 
such modifications were proposed as may bring the English and 
continental arrangements into harmony. 

Five distinct areas were considered in this paper. 1. The southern 
range; 2. The Charentes; 3. Normandy; 4. The Pays de Bray; 
5. The Boulonnais. 

1. The Southern Range.—This is continuous from the Ardennes 
through the Meuse, Yonne, &c., to the Cher. In the Ardennes the 
*¢ Ferruginous Oolite” corresponds to our Osmington Oolite, and to 
the Lower Limestones and Passage-beds of Yorkshire, the under- 
lying “ Middle Oxfordian” being equivalent to our Lower Cal- 
careous Grit. Above comes immediately the Coral Rag with 
Cidaris florigemma; and the stratigraphical and paleontological 
break is constantly between the Coral Rag and Ferruginous Oolite 
when that occurs. The Corallian is a well-marked formation, 
thongh its character is variability. It is divisible generally into 
two groups—Coral Rag and Supracoralline beds, the latter usually 
being the “ Diceras-beds ;” but in the Yonne there is a great de- 
velopment of Diceras-beds below, associated with Cidaris flori- 
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gemma and massive corals, which is gradually introduced in going 
west. This part of the series in the Haute Marne has been de- 
scribed as very different; but the author did not at all agree with 
M.Tombeck’s stratigraphical determination, and considers the *‘ Oolite 
de la Nothe” no more than the continuation of the Supracoralline 
Diceras-beds, which he considers to uniformly overlie and never 
to underlie the Am. marantianus marls, which latter are Oxfordian. 
In fact nothing abnormal occurs in this Department. ‘The whole 
series has a tendency to degenerate into barren lithographic lime- 
stones, in which distinctions are lost. The Astartian and Virgulian 
beds were traced through this range, the latter seldom showing any 
well-marked Pterocerian division, and the former being most con- 
nected with the overlying series. Above these are limestones 
hitherto called ‘‘ Portlandian,” in which two zones are constant ; 
but above all are vacuolar Oolites, which alone may be truly cor- 
related with the Portland rocks of England. The whole of the beds 
in this range are eminently calcareous, a true clay being scarcely 
anywhere seen. 

2. The Charentes.—In these two Departments the lower portion 
is very calcareous, and the distinction of one part from another very 
slight; but the highest portion, both near Cognac and on the Le 
d’Oleron, yields beds which may be paralleled with our true English 
Portland rocks. 

3. Normandy.—The complete sequence has here been made out, 
from the true Oxford Clay of Dives to the Virgulian of Havre; and 
the similarity of the whole to the sequence in Dorsetshire is very 
remarkable. ‘The Trouville Oolite” is the exact representative of 
the *“‘Osmington Oolites” with the Nothe Grits below ; but the 
place of the Sandsfoot clay is taken by the true Coral Rag, whose 
right position in the Weymouth section is hereby determined. The 
Supracoralline beds are the sands of Glos; and the Astartian beds are 
the Trigonia-beds of Havre, which are the exact representatives 
of the “ Kimmeridge passage-beds.” 

4, The Pays de Bray.—Nothing below the Virgulian is here seen ; 
and the commencement of the so-called ‘‘ Portland beds” was con- 
sidered by the author to be at a lower level than it is placed by M. 
Lapparent, on account of the similarity to beds at Boulogne. The true 
Portland rocks occur as ferruginous sandstones with Trigonia gibbosa. 

5. Boulonnais.—The Houllefort limestone was correlated with the 
Osmington Oolite. The Coral Rag of Brucdale was considered equi- 
valent to that of the Mont des Boucards, the so-called limestones of 
the latter place being Supracoralline. The Nerinzean Oolite and the 
Grés de Wirvigne represent the Astartian. The higher parts of the 
series have been already correlated. 

From this study it was proposed :—that the ‘“‘ Lower Calcareous 
Grit ” and almost all the Coralline Oolite should be placed in the 
Oxfordian series as the upper division, under the name ‘“ Oxford 
Grit ” and “ Oxford Oolite ;” that the Corallian consists of two parts, 
the Coral Rag and the Supracoralline beds ; that the Kimmeridgian 
should include the Astartian and Virgulian, the Pterocerian being 
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a subzone; that the ‘“‘ Upper Kimmeridge” and the Hartwell clay, 
with the “ Portland sand,” should make a new subdivision to be 
called Bolonian, the northern and southern types being both repre- 
sented at Boulogne, which may be divided into Upper and Lower ; 
and that the true Portland limestone and’ the Purbeck be united 
into one group, as Lower and Upper Portlandian, the fact of the 
latter being freshwater being paralleled by parts of the true Portland 
having that character. 


3. “On fossil Chilostomatous Bryozoa from the Yarra-Yarra, 
Victoria, Australia” By Arthur William Waters, Esq., F.G.S. 


June 8.—Robert Etheridge, Esq., F.R.S., President, 
in the Chair. 
cae following communications were read :— 

* The Reptile- Fauna of the Gosau Formation, eas: in the 
ete Museum of the University of Vienna.” By Prof. H. G. 
Seeley, F.RS., F.L.S., F.G.8.; with a Note on the Geological 
Horizon of the Fossils, by Edward Suess, F.M.G.S. 


2. “On the Basement-beds of the Cambrian in Anglesey.” By 
Prof. T. McKenny Hughes, M.A., F.G.S. 

In this paper the author first pointed out that there was in 
Anglesey (1) an upper slaty group, in which he had fixed two 
life zones, which showed that the series belonged to the Silurian 
(Sedgwick’s classification), and (2) a lower group of slates and sand- 
stones in which Arenig fossils had been found in several localities, 
and Tremadoc had been less clearly recognized, while by the cor- 
rection of the determination of a species of Orthis there was now a 
suspicion of even Menevian forms. These all rested upon the base- 
ment-beds of the Cambrian, of which the paper chiefly treated. 
They were made up of conglomerates, grits, and sandstones, with 
Annelids and Fucoids. . 

The Basement-beds varied in thickness and character according 
to the drift of currents along the Pre-cambrian shore and the ma- 
terial of the underlying rocks. Near Penlon, where they rested on 
a quartz-felspar rock, they consisted chiefly of a quartz-grit and con- 
glomerate, almost exactly like that of Twt Hill. Near Llanerchy- 
medd, where there was a mass of greenish schistose rock succeeding 
the Dimetian, the Cambrian basement-bed contained a large number 
of fragments of that rock, certain bands being chiefly composed of it. 
Near Bryngwallen, where the underlying Archean consisted of 
gneissic rocks, the Cambrian basement-beds were made up of quartz 
conglomerate. Tracing it still further to the 8.W. he found bosses 
of conglomerate among the sand dunes of Cymmeran Bay, full of 
fragments of green schistose rock, like that of Bangor, and telling of 
the further development of Pebidian at the S.W. end of the Anglesey 
axis. In several localities these conglomerates were associated with 
and passed into fossiliferous grits and sandstones. He exhibited 
slices of the more important rocks, which, he showed, confirmed the 
results arrived at from other evidence. He pointed out that the 
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observations now made confirmed the views he had expressed on a 
former occasion with regard to the basement-beds of the Cambrian 
between Caernarvon and Bangor, where the deposits which rested 
upon the granitoid rocks of Twt Hill were either a kind of arkose 
or chiefly composed of quartz with a few pieces of mica-schist and 
jasper; but as we followed them a few miles to the N.E. we found 
that the quartz had got pounded into smaller grains, and the larger 
pebbles were chiefly of felsite, which here formed the shore, while 
further towards Bangor fragments of the still higher Bangor volcanic 
series helped to make up the Cambrian shingle-beach. 


3. ‘ Description and Correlation of the Bournemouth Beds.— 
Part Il. Lower or Freshwater Series.” By J. 8. Gardner, Hsq., 

This was in continuation of a former paper by the author (Q. J. 
G. 8. vol. xxxv. p. 209). The beds described are exposed east and 
west of Bournemouth and near Poole harbour, over a distance of 
about four miles. The author referred them to the Middle Bagshot, 
and stated that they are distinguished from the Lower Bagshot by 
the absence of the extensive pipe-clay deposits and the presence of 
brick-earths, and from the overlying beds by the absence of flints. 
They reach their extreme limit in the western area of the London 
basin, and are represented by the lignitic beds 19-24 of Prof. Prest- 
wich’s section. Lignites can be traced partly across the bay. The 
cliffs present an oblique section across a delta divisible roughly into 
four masses, one of which, from its confused bedding and want of 
fossils, is supposed to have been formed by the silting-up of the main 
channel. The total thickness of the series was estimated at 600 to 
700 feet. The inferences drawn by the author were as follows :— 
1. from the beds cut through showing a steep side to the west, 
that the river flowed from that direction; 2. from the absence of 
boulders or coarse sediment, that the area was flat; 3. from the 
absence of lignite, that there were catchment basins; 4. ‘from the 
absence of flint and the quartzose nature of the beds, that no chalk 
escarpments were cut through, and that the deposits came from a 
granitic area; and 5. from the presence of wood bored by Z'eredo 
that the beds belong to the lower part of the river in proximity to 
tidal water. 

The flora was stated to be confined to local patches of clay. Those 
at the western end of the section are very rich, and distinguished 
from the rest by absence of palms and rarity of ferns. The beds 
near Bournemouth are still richer and very distinct; those east of 
Bournemouth are characterized by Hucalypti, Aroids, and Araucarie ; 
and those at the western end of the section by abundant Polypo- 
diacese. Itis remarkable that nearly every patch contains a flora 
almost peculiar to it; but the flora as a whole seems to pass upward 
to the Oligocene, but not down to the Lower Bagshot. 


Po 
IX. Intelligence and Miscellaneous Articles. 


NOTE BY DR. C. R. ALDER WRIGHT ON MR. SHIDA’S PAPER “ ON 
THE NUMBER OF ELECTROSTATIC UNITS IN THE ELECTROMAG- 
NETIC UNIT,’ AND ON HIS RECENT NOTE THEREON. 

eo note by Mr. R. Shida, in the June Number of the Philoso- 

phical Magazine (p. 473), calls for some remark, in view of the 
ereat interest and importance attaching to the exact valuation of 
the different electrical magnitudes and their correlations. Mr. 

Shida stated, in his original paper*, that he measured the EH.M.F. 

of a gravity Daniell cell electromagnetically by determining the 

current generated by it in a circuit the total resistance of which 

(inclusive of the internal resistance of the cell) was measured, the 

product of the current into the resistance being the required 

E.M.F.; also that he compared, by means of a quadrant electro- 

meter, the E.M.F. of the gravity-cell with that of a 30-cell Daniell 

battery, which had been just measured by means of an absolute . 

electrometer—this electrostatic valuation being made just before, 

and also just after, the electromagnetic valuation. [tis noticeable, 
in passing, that, through an obvious slip in copying his results, Mr. 

Shida gives in each of the papers the electrostatic H.M.F. of the 

30-cell battery as 0°904187 C.G.S. units, and that of the gravity- 


0°90418 
cell as "esse =0/084381 C.G.S. units, instead of only one tenth 


of these quantities in each case respectively; otherwise the final 
value of v deduced would be only one tenth of the quantity found. ] 
In his recent note, Mr. Shida says that he omitted to state in the 
original paper that the electrostatic valuation depended upon by 
him was made “whale the current was actually flowing through the 
tangent-galuvanometer,” as it was during the electromagnetic valua- 
tion; and he consequently infers that he eliminated the possible 
source of error incidentally suggested by me (whilst discussing the 
subject of ‘‘ polarization” of so-called constant batteries) as exist- 
ing in his experiments, due to the E.M.F. of the cell during the 
electromagnetic valuation whilst a current was passing not being 
identical with that subsisting during the electrostatic valuation 
made (as would be naturally supposed on reading his paper) when 
no current was passing. 

It is noteworthy, however, that in striving thus to avoid the 
Scylla of possible error through battery-polarization, Mr. Shida has 
fallen into the Charybdis of a yet more serious error, due to the 
circumstance that the potential difference registered by a quadrant- 
electrometer to which a cell is applied 2s not the H.M.F. of that cell 
af ut generate a current, but 1s something less. That this is so, is mani- 
fest from the following considerations. Let the actual E.M.F. of 
the cell be E,, and the H.M.F. obtained by the quadrant-electro- 
meter be E,. Let C be the current generated, R, the internal 
resistance of the cell, and R, the external resistance of the rest of 


the circuit. Then C= ERLE: The total work which this current 
1 2 
* Phil. Mag. Dec, 1880, p. 431; also Brit. Assoc. Reports, 1880, p. 497. 
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does in the circuit in a time ¢, is C?(R,+R,)é; of which an amount 
C’R,t is done inside the cell, and the balance C*R,¢ outside. This 
latter amount is necessarily equal to the product of the quantity of 
electricity passing, Cf, into the difference of potential between the 
ends of the external resistance, which latter quantity is E,; that is, 


CR,t=E,Ct. 


H Rk, 
ence i —Oh. — oan hs 


1 2 


or, H, is less than HE, by an amount which is the greater the larger 
is RK, m reference to R,: if R,=R,, E,=ZH,. In Mr. Shida’s 
experiments R, was 2:02 ohms, whilst kh, was successively 80°86, 
110-86, and 130°86 ohms, averaging 107:°53 ohms. The mean 
electrostatic value obtained by Mr. Shida was consequently nearly 
2 per cent. too small; so that the value of v finally deduced by divi- 
ding the electromagnetic value by the electrostatic value must have 
been just as much in excess of the truth. 


THE PHENOMENON CALLED THE “ CRY OF TIN.” 
BY J. C. DOUGLAS. 

Tf a piece of tin be bent it emits a sound; this, being regarded 
as a property peculiar to tin, has been termed “‘the ery of tin.” 
This phenomenon is explained by the peculiar crystalline structure 
of the metal. If the explanation be the true one, then other metals 
which are obviously crystalline in structure should also exhibit the 

henomenon under favourable conditions. But it is exceedingly 
difficult to place other metals in a crystalline state under proper 
conditions ; ¢. g. cast iron and cast zine in thin rods break before 
they can be bent sufficiently to emit audible sounds, while rolled 
zine has had its crystalline structure destroyed by rolling, and so is 
not in a condition to emit sound when bent. Rolled zinc is very 
tough as compared with cast zinc; and its fracture is not crystal- 
line, but of an even fine-grained bluish tint destitute of the brilliant 
lustre presented by this metal in a crystalline state. If, however, 
a piece of rolled zinc be heated for a few minutes to a temperature 
somewhat below its melting-point, the metal becomes much less 
tough, and its fracture is decidedly crystalline. On bending a 
piece of zinc so treated it emits a sound weaker than, but of the 
same nature as, the sound emitted by tin. Cast zinc cannot be bent 
readily ; but if it be pinched between the teeth or with pliers it 
emits the sound distinctly. 

It appears, therefore, that the cry of tin is due to crystalline 
structure, that it is not characteristic of tin as generally accepted, 
but may be emitted by zine and probably by other metals when 
crystalline in structure; that rolling in the case of tin and zine, 
and probably in other cases, destroys the property with the altera- 
tion of texture ; that, in the case of zine which has been rolled, the 
crystalline texture may be produced without melting the metal 
but by merely heating it, and this is so readily done that it affords 
a ready illustration of the effects of high temperature on rolled 
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metal. If, as supposed, this sound is characteristic of the crystal- 
line structure of metals, it may afford a means of great practical 
use, whereby, by the sound a metal emits, we may draw conclusions 
as to its texture, and hence its fitness for certain purposes; or by 
the sound emitted by a beam when bent we may draw conclusions 
as to its safety, the microphone or other appliance being called in 
to aid us where the sounds are exceedingly weak.—Proceedings, 
Asiatic Society of Bengal, February 1881, communicated by the Author. 


DISCUSSION OF THE THEORY OF THE THREE FUNDAMENTAL 
COLOUR-SENSATIONS. BY A. ROSENSTIEHL. 

The notion of the three fundamental colour-sensations arose 
from the study of the properties of the eye which is imperfectly 
organized in regard to the perception of colours. The theory which 
connects the observed phenomena leads to an hypothesis on the 
structure of the normal eye. 

But since Maxwell’s experiments* on the solar spectrum, more 
than twenty years since, this subject has not again been the object 
of any investigation, the experimental method for studying the 
laws of colour-vision upon the normal eye being wanting. By 
determining, with the aid of rotating disks, the distribution of the 
complementary colours in a chromatic circle, I believe I have sup- 
plied that deficiency. The position of the three colours correspond- 
ing to Young’s fundamental sensations has been thereby deter- 
mined with much more precision than was hitherto possible. 
Young’s theory receiving from this fact a support which takes it 
out of the domain of hypothesis, it has appeared to me useful to 
discuss its consequences, and to point out those which are sus- 
ceptible of exact experimental verification. It will follow from this 
discussion, on the one hand, that certain properties attributed to the 
primary colours do not belong to them exclusively, and, on the other, 
that their true distinctive character has not yet been enunciated. 

The primary colours (that is, those corresponding to the funda- 
mental sensations) possess, by their very definition, the foliowing 
properties :— 

1. On being mixed two by two, they produce all the colours percep- 
tible to our eye. 

This property belongs to all the colours which are not comple- 
mentary; but at the same time the sensation of white will be 
produced ; so that the following limiting condition must be added :— 

They produce at the same time the sensation of white in a less degree 
than the other colours. 

I have already, indirectly, made use of this very important 
character?. Its experimental verification, however, presents great 
practical difficulties, because the quantity of white light emitted by 
a coloured surface cannot be measured with precision. It would 
be necessary to execute a chromatic circle with all its colours of 


* Proc. Royal. Soc. vol. x. pp. 404-409 (1860). 
+ Comptes Rendus, t. xcii. p. 8357; Phil. Mag. April 1881, p. 305. 


Intelligence and Miscellaneous Articles. (G 


equal intensity and emitting, under equal illumination, the same 
amount of white light. The circle with which I have worked does 
not possess these qualities ; and I have renounced taking this course ; 
moreover the difficulty can be easily turned. 

2. The sensation of pure white results from the equal excitation of 
the three fundamental sensations. 

Each of these colours has for its complement the mixture of the 
other two at equal intensity. 

The graphic construction representing the whole of the 'percep- 
tible colours usually takes the form of an equilateral triangle, the 
vertices of which are occupied by the primary colours. The corre- 
sponding complementary, which is always a binary colour, is placed 
in the middle of the opposite side. All the other binary colours 
have their places also on the sides of the triangle, so that the two 
complementaries are situated at the two extremities of a straight 
line passing through the point of intersection of the median ones. 

The properties above enunciated, and the consequences I have 
enumerated, and which are admitted, are not characteristic of 
the primary colours ; they belong to an indefinite number of colours, 
on the condition, however, that they be selected according to a cer- 
tainrule. Anassemblage of three colours possessing this property 
IT calla triad. In the equilateral triangle above described the 
secondary triads will be represented by all the equilateral triangles 
which can be inscribed in tt. The smallest of these triangles is that 
formed by the triad of the complementaries of the primary colours. 
To each secondary triad corresponds in like manner a triad com- 
posed of complementary colours ; and as we can choose them as 
near together as we please, there is really no limit to their number. 
The distribution of the complementary colours in a triad is suscep- 
tible of experimental verification ; and I shall have occasion to revert 
to it. 

It is expedient to add, as a corollary, that three colours not con- 
stituting a triad may still by their mixture produce the sensation 
of white ; but this sensation no longer results from their mixture 
in equal quantities. It follows that, in the graphic construction, 
their complements are then not situated in the middle of the oppo- 
site side. ‘This point, like the preceding, has been verified experi- 
mentally. 

I now come to an essential character. If, in an equilateral 
triangle, each vertex be joined to the middle of the opposite side, it 
will be divided into six equal right-angled triangles. The colours 
included in two of these triangles with their vertices opposed, are 
reciprocally complementary. 

Given the distance 0 of a binary colour at the vertex of the equi- 
lateral triangle, the position of the complementary colour will be 
given by the distance # which separates it from the corresponding 
vertex, which distance is represented by 


sin @ 
SEE Cy CETIGES 
sin (30° +a) 
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a formula in which cis constant and a the angle formed by the 
straight line joining the two complementary colours to the corre- 
sponding median line: @ is moreover obtained from the equation 


b=ctana. 


The discussion of this equation shows that, as soon as a exceeds 
45°, b increases much more rapidly than z From this it follows 
that the colours situated in the vicinity of a vertex will occupy in 
the construction a larger space than their complementaries, which 
are found all assembled towards the middle of the opposite side. 
That is to say, the colours situated on both sides of a primary colour, 
and which to the eye are equidistant, have their complementaries so close 
to one another that it becomes difficult to distinguish those which are 
consecutive. 

This remarkable character is that which constitutes the funda- 
mental property of the primary triad. It was this phenomenon 
that attracted my attention when studying the distribution of the 
complementary colours in a chromatic circle. It has not, there- 
fore, to be verified experimentally; thanks to it, I have been able 
to fix the position of the primary colours within very narrow 
limits; and it only remains for me to prove that within those limits 
there are three colours possessing the characters of a triad. This 
I will do soon, by showing that they obey the law of the comple- 
mentary colours* which I have formulated above. 

The cycle of the demonstrations will then be closed ; all the 
proofs, synthetic and analytic, will then have been given ; and the 
accordance between the results of experiment and that of calcula- 
tion will be such that Young’s theory may be regarded as established 
on solid scientific foundations.—Comptes Rendus de ? Académie des 
Sciences, May 30, 1881, t. xc. pp. 1286-1289, 


* Von Bezold (Poggendorff’s Annalen, vol. cl. p. 71, 1873), believes he 
has given the mathematical law of the complementary colours. He has 
taken as his experimental starting-point the investigation made by Helm- 
holtz of the distribution of those complementary colours in the spectrum. 
Unfortunately he has not been able to avoid a confusion which moreover 
exists in all the special treatises, and which is rendered so easy by the 
usual language referring to the colours. 

He introduces into his calculations two absolutely heterogeneous data. 
One is the number of vibrations representing a colour—a value of a purely 
physical order, and independent of the properties of the eye; the other is 
the law of the mixture of colours, the hypothesis of Young, the notion of 
the complementary colours—a notion essentially physiological, since it 
depends on the structure of the eye, and varies according as the latter is 
or is not normally constituted. The results, too, obtained by von Bezold 
present sensible discrepancies with experiment; but he attributes to the 
perturbations induced by the fluorescence of the media of the eye the 
want of agreement which he necessarily found. 

The number of vibrations cannot have any meaning in the present case, 
unless employed simply as a means of nomenclature of the colours and 
not as a mathematical value to be introduced into the calculations. The 
colours chosen by von Bezold as primary are also very far from possessing 
the properties of the fundamental sensations. 
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X. On the Electromagnetic Theory of Light. By Lorp 
Rayeien, £.L.S., Professor of Haperimental Physics in 
the University of Cambridge*. 


2 es claims of the theory propounded by Maxwell, accord- 
ing to which light consists of a disturbance in a medium 
susceptible of dielectric polarization, are so considerable that it 
is desirable to extend its application as far as possible to 
various optical phenomena. ‘The question of the velocity of 
propagation in vacuum and in singly or doubly refracting 
transparent dielectrics was considered by Maxwell himself; 
and the agreement with experiment, though far from perfect, 
is sufficiently encouraging. More recently it has been shown 
by Helmholtz}, Lorentz}, Fitzgerald§, and J. J. Thomson |, 
that the same theory leads to Fresnel’s expressions for the 
intensity of light reflected and refracted at the surface of sepa- 
ration of transparent media, and that the auxiliary hypotheses 
necessary in this part of the subject agree with those required 
to explain the laws of double refraction. In this respect the 
electromagnetic theory has a marked advantage over the older 
view, which assimilated luminous vibrations to the ordinary 
transverse vibrations of elastic solids. According to the latter, 
Fresnel’s laws of double refraction, fully confirmed by modern 


* Communicated by the Author. 
t+ Crelle, Bd. Ixxii., 1870. { Schlomilch, xxii., 1877. 
§ Phil. Trans. 1880. || Phil. Mag. April 1880. 
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observation*, require us to suppose that in a doubly-refracting 
crystal the rigidity of the medium varies with the direction of 
the strain; while, in order to explain the facts relating to the 
intensities of reflected light, we have to make the inconsistent 
assumption that the rigidity does not vary in passing from 
one medium to another. A further discussion of this subject 
will be found in papers published in the Philosophical Maga- 
zine during the year 1871. 

If the dielectric medium be endowed with sensible conduc- 
tivity, the electric vibrations will be damped; that is to say, 
the light will undergo absorption, with a rapidity which Max- 
well has calculated. By supposing the conductivity to be so 
great that practically complete absorption takes place within 
a distance comparable with the wave-length, we may obtain a 
theory of metallic reflection which is not without interest, 
although the phenomena of abnormal dispersion show that it 
cannot be regarded as complete. 

For an isotropic medium at rest we have the equations 
(Maxwell’s ‘ Electricity and Magnetism, §§ 591, 598, 607, 
610, 611) : 


d 
u=pt 4, &e, - 319 


t= 7_P, ke., o ) oth fb xe oe eee ee (2) 
p=OP; Ge, so. 2s: 0 6 


dK dv 
Se ae &e., oO) «Seine (4) 
dH dG 


gy! ge ees oo 69 47a (5) 


apo, Ge, 2.0.4! 2 So 


(7) 


in which /, g,h are the electric displacements, p, g, r the 
currents of conduction, w, v, w the total currents, P,Q, R the 
components of electromotive force, K the specific inductive 
capacity, C the conductivity, «, 6, y the components of mag- 
netic force, a, 6,c the components of magnetization, the 


magnetic capacity, F', G, H the components of electrokinetic 
momentum, and V the electric potential. 


* Glazebrook, Phil. Trans. 1879, 
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From (2), (4), and (5) we ae 
p fpaofo ag dF dG\_ de 


dy K dak == come mao 


In the case of K constant, equation (8) expresses that the 
electric displacement \( fda«+gdy) round a small circuit in 
the plane of zy corresponds to the electromotive force round 
the circuit, represented by de/ dé. 

Again, from (1), (2), @), (6), (7), 


(2. oe) Se oe re) 


From equations (8) ue on the problem of reflection can be 
investigated. In order to limit ourselves to plane waves of 
simple type, we shall suppose that K, yu, and C are indepen- 
dent of z, and that the electric and magnetic functions are inde- 
pendent of z and (as dependent upon the time) proportional to 
ei. The two principal cases will be considered separately, 
(1) when the electric displacements are perpendicular to the 
plane of incidence, (2) when they are executed in that plane. 
Case 1. This is defined by the conditions 


f=9, g=0, and (accordingly) c=0. 


Thus 
; Ch ah 
mna= a8 K’ inb= =4r7 K? e ° (10) 
4arC Ld ba a 


Eliminating a and b from (10) and (11), we get 


afd 5 ArC\ h 
a =< )Rt aaa a yt" K(1-in K Ke: (12) 


Case 2. Here the special conditions are 
i—O; a0. 00. 
We have 


Am(in+ f= 5 a (:), Am(in + = ar) 9= — (4): (14) 


whence by elimination of / and g, 
Kae OR= a5) f 
Kn?(1—42n—CK-") da \u 


1 d [c c . 
Kn —4an0K=") =) als (;,)=0. re 
G2 
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Equations (12) and (15) simplify considerably in their ap- 
plication to a uniform medium, assuming the common form 


oy dee We i 
aes re +n uK(1—4anCK-!)=0. . (16) 

To express the boundary conditions let us suppose that e=0 
is the surface of transition between two uniform media. From 
(12) we learn that the required conditions for case 1 are that 


A yaa Ld (2 
ai p. dx K) 


must be continuous. 
In like manner, for case 2 we see from (15) that 


= and ee Pei bet nine oe <) 
be K(1—47n-!CK-') da \p 
must be continuous. 
If the media are transparent, or but moderately opaque, we 
have to put C=0. The differential equation is of the form 
CNY GN ae aes 2 
iia? Cee «SSS ee Soe (t7) 
In case 1 the boundary conditions are the continuity of the 


dependent variable and of . = and in case 2 the continuity 
i 5d : 

of the dependent variable and of K ds Analytically, the 

results are thus of the same form in both cases. If 6 and 0, 

are respectively the angles of incidence and refraction, the ratio 

of the reflected to the incident vibration is in case 1 


tan@, =p 

tan@ Ly . 
tan 0, be (18) 
tan 6) 

and in case 2 

ian 0; 16 

tan@ Ky, 

ana, Re \ eo. 2 
tan ° K, 


in which K, pw relate to the first, and K,, u, to the second 
medium; while the relation between @, and @ is 


Ky, : Ku=sin? 0: sin? 6, 2 . 2). (20) 
As Helmholtz has remarked, Fresnel’s formule may be 
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obtained on two distinct suppositions. If p,=p, 
sin (6,—@) 
sin (0, +0) 


(18) = 


and (6-8) 
tan _ 
Ce tan (0,4 0)’ 


but if K,=K, then (19) identifies itself with the sine-formula, 
and (18) with the tangent-formula. Llectrical phenomena, 
however, lead us to prefer the former alternative, and thus to 
the assumption that the electric displacements are perpendi- 
cular to the plane of polarization. The formule for the 
refracted waves, which follow from those of the reflected waves 
in virtue of the principle of energy alone, do not call for de- 
tailed consideration. 

In the problem of perpendicular incidence, we have from 
(12), if w be constant and O zero, 


OG Uh ‘ h é 
sa etmek (z) =O. - Loe 


For an application of this equation to determine the influence 
of defective suddenness in the transition between two uniform 
media, the reader is referred to a paper in the eleventh volume 
of the Proceedings of the Mathematical Society. 

In order to obtain a theory of metallic reflection, C must be 
considered to have a finite value in the second medium. _ The 
symbolical solution is not thereby altered from that applicable 
to transparent media, the effect of the finiteness of C being 
completely represented in both cases by the substitution of 
K(1—747nCK~—') for K. Thus, if « be constant, the formula 
for the amplitude and phase of the reflected wave in case 1 is 
to be found by transformation of (18), in which the imaginary 
angle of refraction 9, is connected with @ by the relation 


K,(1—~—i4arnCKy;") : K=sin?@: sin?6,. ... (22) 


In like manner the solution for case 2 is to be found by trans- 
formation of (19) under the same supposition. 

With regard to the proposed transformations, the reader is 
referred to a paper by Hisenlohr* and to some remarks there- 
upon by myselff. The results are the formule published 
without proof by Cauchy. From the calculations of Hisenlohr 
it appears that Jamin’s observations cannot be reconciled with 
the formule without supposing K,: K, 7. e. the real part of 
the square of the complex refractive index, to be negative—a 


* Poge. Ann. t. civ. p. 368. t Phil. Mag. May 1872. 
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further proof that much remains to be done before the elec- 
trical theory of metallic reflection can be accepted as complete”. 


The same fundamental equations (8) and (9) will now be 
applied to the problem of determining the effect on a train of 
plane waves of a small variation in the quantities K and wu 
which define the medium. A similar method will be adopted 
to that already used for light in a paper ‘On the Scattering 
of Light by small Particles’’t, and in my book ‘On the Theory 
of Sound,’ § 296, the principle of which consists in an ap- 
proximation depending upon the neglect of the higher powers 
of the small variations AK and Ap. 

Let us suppose that a train of plane waves, in which the 
- electric displacement is parallel to z, and magnetization parallel 
to y, propagates itself parallel to undisturbed until it falls 
upon a region where the generally constant values of K and 
» become K+AK and w+Apu. If AK and Ap were zero, 
the wave would pass on as before; but under the circum- 
stances secondary waves are generated, which diverge from 
the region of disturbance, and are ultimately, when AK and 
Aw are small enough, proportional in magnitude to these 
era As the expression of the primary waves we may 
take 


ho == eint gue. 85 eo Gis. a (23) 
and corresponding thereto, by (8), 
by=4arkn7} K-64, i a> oe 


in which, if \ denote the wave-length, k=27/X, and n/A is 
the velocity of propagation (Ky)~?. The complete values of 


the functions being represented, as before, by 7, g, h, a, b,c, we 
shall put 


t=fthjAtfet- Suc, A=Ajy tat... . &C., 


being ro ies of AK and Ap, f,.:+Giece 
ae, oe the first order, f5.. . of the second order, and 
so on, in these quantities. ie the actual case fo, Jo) A, Co 
vanish, and only hy and 0 are finite. 


From (8) and (9) with C=0, we get 


* July 15.—I see that Lorentz, in a pamphlet Over de Theorie der 
Terugkaatsing en Breking van het Licht (Arnhem, 1875), has developed a 
theory of metallic reflection similar to that indicated in the text, and has 
noticed the same difficulty in the application to experiment. 

+ Phil, Mag. June 1871. 
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df 
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3 —F tu F(a Aum!) —b 5 < (ew )= serps ie (26) 
ao da ae , 3 
ts ay +o 5 (Au = Me (Ap) =4irp 7. | 
By differentiation of the first equation of (26) and substi- 
tution from (25), we get, having regard to 
df dg , ah 
te Pay ay ae On: ayihe edt to LO) 
which is a consequence of (1), (8), ); 


eee Ge 2) ((8K~) 


de da? ane 
-K “h (gAK-}) — a (LAK-) 
eK. od? A. a ae 
de dade pee meee 


or, remembering that the functions as dependent upon time 
vary as 4, 


/? 
pretian + 55) (/AK~) 
Ss - " 


inwK d inwk d 
“te ay OE) aK =, (Au -*)=0, (28) 


with two similar equations in g and h. 
Introducing now the expansion in powers of AK and Ay, 
we get as the first ea 


Vf teAW-K qe AK Dor 


-+- 


mK d 


Aor 


qa (oA w")=0, 
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or, on substitution for bp in terms of ho from (23), (24), 
a” ae 
WA -- eA-KT (h,AK—) — thy (hy Ap!) = 0, (29) 
and i 


2 
POT aaa Oe et i. . 2a 


Vly +h + K ($y =e ap) aK 1) 


+ ihe © (ydu-)=0. -. 
The solution of (29) is 


A K Cm | laa 
if =— i Age (hp AK—?) dx dy dz - 
—ikr 
—_ e(\(< oF (hghK-) de dyde, . . (82) 


where 7, ay to / {(a—2)?+(B—y)?+(y—z)?}, 1s the dis- 
tance of the element of volume da dy dz from the point «, B, Y 
at which 7, is to be estimated. 

In applying (82) to the calculation of a secondary wave at 
a distance from the region of disturbance, we may conveniently 
integrate it by parts. ge 


h=— me \((rax- 2 Aue = dx dy dz 
a #(\(iaK- a(=- on) dix dy de. 


From the general we OL Fy. 


d fe7ir _ yz Pa +ikr) 

oe * may: os 
e—ikr a—z Ye e7 (3 4 dtkr — k? rm) : 

dx anal r a 


If r be sufficiently ere in comparison with A, only the high- 
est power of kr in the above expressions need be retained ; 
and if r be also great in comparison with the dimensions of 
the region of disturbance, supposed to be situated about the 
origin of coordinates, (a—.) /r &. may be replaced by a/r 
&e. Thus, 


d (e7ik y ik en ihr 
dz —)=2 , 


dz SS =e ara — = 
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and the bee for 7, becomes 
ay —1,—ikr 
oo = “ [xa () (roar et da dy dz 


—p aN Aa ty andy az]. 


For the sake of eee we will write this 
i mS —2Q¥], hea (a0) 


~ for 


fh hAK-e- dx dy dz, 
2 ED eae ag ae 
a= {{{ hyp Ape-™ da dy dz. 


In like manner from (80) and (31), 
By 
n= 7-[KPe Spo a sede es 


2 _Kp2tF a 
-s pees es ieee 


Hquations (35), (387), (38) express the electric displace- 
ment in the secondary waves. Since a/+6g+yh=0, the dis- 
placement is perpendicular to the direction of the secondary 
ray. The general expression for the intensity is found by 
adding the squares of 7, g, h; but it will be sufficient for our 
present purpose to limit ourselves to the case where the second- 
ary ray - perpendicular to the primary ray, 2. e. to the case 
a=(. en 


PtgtPapes [eRe +e eS]... 9) 


If P and Q are both finite, there is no direction along which 
the secondary light vanishes. We find by experiment, how- 
ever, that the light scattered by small particles on which pola- 
rized light impinges does vanish in one direction perpendicular 
to the original ray ; and thus either P or Q must vanish. Now, 
when the particles are very small, we have 


P= ho AK—re-#{ ( (da dy dz, Q=hApe-* | (( de dydz; (40) 
so that if P vanishes, AK=0; and if Q vanishes, Au=0. 
The optical evidence that either AK or Au vanishes is thus 
very strong; while electrical reasons lead us to conclude that 


it is Ap. 
If we write T for the volume of the small particle, we get 


where 
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from (40), as the special forms of (35), (37), (38) applicable 
to this case, 


Az Tee RAK pap], 2. GY) 
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1% 
+ pAp gl: (48) 


If Aw=0, as we shall henceforward suppose, f:g=a:6, 
showing that the electrical displacement is in the plane con- 
taining the secondary ray and the direction of primary elec- 
trical displacement (z), and 

: oe =e 


Si EG Ph & ye? 


wv 


so that the intensity is proportional to the square of the sine 
of the angle between the secondary ray and the direction of 
the primary electrical displacement. The blue colour of the 
light scattered from small particles is explained by the occur- 
rence of X7 in the denominators of the expressions for f,, 91, /13 
but for further particulars on this subject the reader must be 
referred to my previous papers. 

_ Hquations (35), (36), &. are rigorously applicable, however 
large the region of disturbance, if the square of AK may 
really be neglected. From them we see that, under the cir- 
cumstances in question, each element of a homogeneous 
obstacle acts independently as a centre of disturbance, and 
that the aggregate effect in any direction depends upon the 
phases of the elementary secondary disturbances as affected by 
the situation of the element along the paths of the primary 
and of the secondary light. In fact, 


P= AK | || eteme da dy dz. 


If 0, d be the angles defining (in the usual notation) the direc- 
tion of the secondary ray, and 7» correspond to the origin of 
coordinates, we have 


P= KR ig bod {if eit(w+a'sin 6 cos G+ysin 6sin 6+2 cos 6) da dy dz; (44) 


and the question now before us for consideration is the value 
of the integral in (44) as dependent upon the size of the 
obstacle and the direction of the secondary ray. Itis evident 
that the formulze are applicable only when the whole retarda- 
tion of the primary light in traversing the obstacle can be 
neglected in comparison with the wave-length; but if this 
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condition be satisfied, there is no further limitation upon the 
size of the obstacle. In the case where the secondary ray 
forms the prolongation of the primary, or deviates sufficiently 
little from this direction, the exponential in (44) reduces to 
unity, signifying that every element of the obstacle acts alike, 
any retardation of phase at starting due to situation along the 
primary ray being balanced by an acceleration corresponding 
to a less distance to be travelled along the secondary ray. At 
a greater or less obliquity, according to the size of the obstacle, 
opposition of phase sets in; and at still greater obliquities the 
resultant can be found only by an exact integration. Its in- 
tensity is then less, and generally much less, than in the first 
case—a conclusion abundantly borne out by observation. 

The simplest example of this kind is that afforded by an 
infinite cylinder (e. g. a fine spider-line), on which the light 
impinges perpendicularly to the axis, so that every thing 
takes places in two dimensions. This case is indeed not 
strictly covered by the preceding formule, on account of the 
infinite extension of the region of disturbance; but a moment’s 
consideration will make it clear that each elementary column 
here acts according to the laws already described—that is to 
say, gives rise to a component disturbance whose phase is de- 
termined by the situation of the element along the primary 
and secondary rays. If the angle between the two rays be 
called y, we have to consider the value of 


Jf etttetwcosxty sinx) dx dy. 
‘Introducing polar coordinates 7, 6, we find 
“2+xecosy+ysiny=2rcosty cos(@—4y) ; 
so that the integral ; 
= [f cite 20083-0099 pede dO 


af 27 
=| ‘ {cos (2kr cos $y cos @) 
0¢0 
: +isin (2krcosty cos @)} rdr dé 
=2nf Sao RCONA GV) Tia ese ge len, os a es, (OD 
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J denoting the Bessel’s function of zero order. 

The integration with respect to 7 indicated in (45) can be 
effected by known properties of Bessel’s functions; and the 
result is expressible by a function of the first order. We get 

Ta 


fay ee COS 4 x); e e : “ ° e e (46) 
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and J, is defined by 
4 


J(2=- es ee mcr 0s ee (47) 
()=5 ( 914 °9 276 2.47.68 uo). 


If coss}y=0 (7. e. in the direction of original propagation), 
(46) becomes za’, every element of the area acting alike. 
This is the maximum value. When y is such that 


2ka cost y= x 1:2197, 


the secondary light vanishes, at a greater angle revives, then 
vanishes again, and so on, the angles being of course func- 
tions of the wave-length. If we conceive the cylinder to 
increase in size gradually from zero, the scattered light 
vanishes first in the backward direction y=O, in which direc- 
tion evidently the greatest differences of phase occur. Hver 
thing is determined by the course of the function J,; and (46) 
within the limits of its application embodies the theory of 
Young’s eriometer. 

We will now consider the case of an obstacle in the form of 
a sphere. If < be a coordinate measured perpendicularly to 
the plane containing the primary and secondary rays, formula 
(46), multiplied by dz, will represent the effect of a slice o 
the sphere, whose radius is @ and thickness dz, and what 
remains to be effected is merely the integration with respect 
to z. For this purpose we write z=c sin ¢, a=c cos ¢, where 
c is the radius of the sphere. The integral then takes the form 


1 


("nete cos$xcosd)cos*ddd, . (48) 
0 


or, if we expand J, by (47), and integrate according to a 
known formula, 


Qrrc® m? m?* m 
3 {2- Bit 75 eo ae 


2c 
k cos x 


6 


rere }, ao 
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in which m is written for 2kecos}y. It will be understood 
that (49), after multiplication by e”“AK~-', gives merely the 
value of P in (86), and that to find the complete expression 


for the secondary light in any direction other factors must be 
introduced in accordance with (35), (37), (38). The angley, 


* July 15.—I find for the first root of (49), m=4'50, giving as the 
smallest obliquity (#— x) at which the secondary light vanishes, 


a—x=2sin—! (4:50 /2ke). 
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being that included between the secondary ray and the axis 
of x, may be expressed by 


siniy—/ (2b re oe ew (50) 


Our theory, as hitherto developed, shows that, whatever the 
shape and size of the particles, there is no scattered light in 
a direction parallel to the primary electric displacements, 
except such as may depend upon squares and higher powers 
of the difference of optical properties. In order to render an 
account of the “residual blue” observed by Tyndall when 
particles in their growth have reached a certain magnitude, it 
is necessary to pursue the approximation. By (28), with Ap 
_ neglected, we have 


2 2 a? d? —1 
Vifrthf,+K & + 75) (AAK-) 
a? an a? a 


and two similar equations in g, and fy. On the supposition 
that f7,, 9,, hy are known throughout the region of disturbance, 
these equations may be solved in the same way as (29), (30), 
and (31). For the sake of brevity we may confine ourselves 
to the particular direction for which the terms of the first order 
vanish. Thus at a sufficient distance r’ along the axis of z, 
2 
ee ‘ { fAK-'e-#"'dadBdy, . . (52) 


Agr 


eK os 
ae {. ( ( gAK--*"dadBdy, . . (58) 
TiO iy eee Petal sn ier Neal epee bac Ale > VG AE) 


We have now to find the values of f, and g, within the 
region of disturbance, to which of course (35) &e. are not ap- 
plicable. In the general solution (32), ho is a function of x 
only ; so that the elements of the integral vanish in the interior 
of a homogeneous obstacle, and we have only to deal with the 
surface. Integrating by parts across this surface, we find 


K (((Cd By Ge 
A= AN gs (hp AK-*) oF — ) dx dy dz 


oan K d d r gare A 
ewe all is (hoAK-'). Er dedydz, (55) 


r being a function of w and « only through (e—.w). In like 
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aes eee 


In the case of a small homogeneous sphere, whose centre 
is taken as origin of ccor dinates, these formule lead to fairly 
simple results. The triple integral in (55), (56) may readily 
be exhibited in its i character of a anee pemece Thus 


\\fe (ho AK- 1) — “de dy dz= —AK- ‘fe £. dh (57). 


where dS is an element of dhs surface whose radiusisc. ‘This 
applies to a sphere of any size; but we have now to introduce 
an approximation depending on the supposition that kc is small. 
As far as the first se of ke, 


—AK- tee ik NIK = ae “\\C- she ) as 
; =—aK="({: a oe 


in which the double integral is the common potential of matter 
distributed over the spherical surface with density (¢+7kza). 
Calling this for the moment V, we have (Thomson and Tait, 
‘Nat. Phil.’ § 536) at any internal point (@,B,y), — 


V=40e(y+tikye); 


so that 


a nike! 
iz (ApAK~?) —— da dy dz 
= —ArAK-l¢t(y 4+ 5tkya). . (58) 
Thus by (55), (56), 
fra=sKAKThhye™,. ag=0. . = 
We are now prepared to calculate /2, 2 from (52), (58). 
These formuls apply to both directions along the axis of 2; 
but in what follows it will be convenient to suppose that it is 
the positive direction which is under consideration. In this 


case, if p denote the distance from the centre of the sphere, 
7’ =p—y and e—*" =e-*e(1 + iky) approximately; so that 


Kk? KAK 1 2 pi(nt — kp) 
fo=— ( 7 Se (Vira + iky) da dB dy 


4 1\2 ,i(nt—kp) 
_ yaa 
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or if, as before, T be the volume of the sphere, 


nT . pi k2¢2 
fa Fy, eet (BAK as | 2 "(60) 
Go= 0: 


Comparing (60) and (41), we see that the amplitude of the 
light scattered along zis not only of higher order in AK, but is 
also of the order k?c? in comparison with that scattered in other 
directions. The incident light being white, the intensity of 
the component colours scattered along z varies as the inverse 
8th power of the wave-length, so that the resultant light is a 
rich blue. 

There is another point of importance to be noticed. Although 
when the terms of the second order are included the scattered 
light does not vanish along the axis of z, the peculiarity is not 
lost, but merely transferred to another direction. Putting 
together the terms of the first and second orders, we see that 
the scattered light will vanish in a direction in the plane of «z, 
inclined to z (towards 2) at a small angle 0, such that 

fre AK Ke" 
oe cp eae ees abel 
d= —KAK irk ise ne (61) 

In the usual case of particles optically denser than the sur- 
rounding medium, AK is positive, from which we gather that 
the direction in which the scattered light vanishes to the second 
order of approximation is 
inclined backwards, so that 
the angle through which 
the light may be supposed 
to be bent by the action 
of the particle is obtuse. 

The fact that, when the 
primary light is polarized, 
there is in one perpendi- 
cular direction no light 
scattered by very small | 
particles, was stated by 
Stokes*; but it is, I believe, to Tyndall that we owe the obser- 
vation that with somewhat larger particles the direction of 
minimum illumination becomes oblique. I do not find, how- 
ever, any record of the direction of the obliquity (that is, of 
the sign of the small angle 0), and have therefore made a few 
observations for my own satisfaction. | 

In a darkened room a beam of sunlight was concentrated 


* Phil. Trans. 1852, § 183. 
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by a large lens of 2 or 3 feet focus; and in the path of the light 
was placed a beaker glass, containing a dilute solution of hy- 
posulphite of soda. On the addition of a small quantity of 
dilute sulphuric acid a precipitate of sulphur slowly forms, 
and during its growth manifests exceedingly well the pheno- 
mena under consideration. The more dilute the solutions, the 
slower is the progress of the precipitation. A strength such 
that there is a delay of four or five minutes before any effect 
is apparent, will be found suitable; but no great nicety of ad- 
justment is necessary. By addition of ammonia in sufficient 
quantity to neutralize the acid, the precipitation may be 
arrested at any desired stage. More time is thus obtained to 
complete the examination ; but the condition of things is not 
absolutely permanent, the already precipitated sulphur appear- 
ing to aggregate itself into large masses. 

In the optical examination we may, if we prefer it, polarize 
the primary light; but it is usually more convenient to analyze 
the scattered light. In the early stages of the precipitation 
the polarization is complete in a perpendicular direction, and 
incomplete in oblique directions. After an interval the pola- 
rization begins to be incomplete in the perpendicular direc- 
tion, the light which reaches the eye when the nicol is in the 
position of minimum transmission being of a beautiful blue, 
much richer than any thing that can be be seen in the earlier 
stages. This is the moment to examine whether there is a 
more complete polarization in a direction somewhat oblique ; 
and it is found that with @ positive there is in fact an oblique 
direction of more complete polarization, while with @ negative 
the polarization is more imperfect than in the perpendicular 
direction itself. 

The polarization in a distinctly oblique direction, however, 
is not perfect, a feature for which more than one reason 
may be put forward. In the first place, with a given size of 
particles, the direction of complete polarization indicated by 
(61) is a function of the colour of the light, the value of 6 
being three or four times as large for the violet as for the red 
end of the spectrum. ‘The experiment is, in fact, much im- 
proved by passing the primary light through a coloured glass 
held in the window-shutter. Not only is the oblique direction 
of maximum polarization more definite and the polarization 
itself more complete, but the observation is easier than with 
white light, by the uniformity of the colour of the light scat- 
tered in various directions.. If we begin with a blue glass, we 
may observe the gradually increasing obliquity of the direction 
of maximum polarization; and then by exchanging the blue 
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glass for a red one, we may revert to the original condition of 
things, and observe the transition from perpendicularity to 
obliquity over again. The change in the wave-length of the 
light has the same effect as a change in the size of the par- 
ticles; and the comparison gives curious information as to the 
rate of growth. 

But even with homogeneous light it would be unreasonable 
to expect an oblique direction of perfect polarization. So long 
as the particles are all very small in comparison with the 
wave-length, there is complete polarization in the perpendi- 
cular direction; but when the size is such that obliquity sets 
in, the degree of obliquity will vary with the size of the par- 
ticles, and the polarization will be complete only on the very 
unlikely condition that the size is the same for them all. It 
must not be forgotten, too, that a very moderate increase in 
dimensions may carry the particles beyond the reach of our 
approximations. 

The fact that at this stage the polarization is a maximum 
when the angle through which the light is turned exceeds a 
right angle is the more worthy of note, as the opposite result 
would probably have been expected. By Brewster’s law this 
angle in the case of a plate is less than a right angle; so that 
not only is the law of polarization for a very small particle 
different from that applicable to a plate, but the first effect of 
an increase of size is to augment the difference. 

We must remember that our recent results are limited to 
particles of a spherical form. It is not difficult to see that, 
for elongated particles, the terms in (AK)? may be of the same 
order with respect to ke as the principal term; so that if 
(AK)’ be sensible, mere smallness of the particle will not 
‘secure complete evanescence of scattered light along z. The 
general solution of the problem for an infinitesimal particle of 
arbitrary shape must raise the same difficulties as beset the 
general determination of the induced magnetism developed in 
a piece of soft iron when placed in a uniform field of force. 
In the case of an ellipsoidal particle the problem is soluble ; 
but it is perhaps premature to enter upon it, until experiment 
has indicated the existence of phenomena likely to be explained 
thereby. 

For an infinitesimal particle in the form of a sphere, we may 
readily obtain the complete solution without any approxima- 
tion depending upon the smallness of AK. We know by the 
analogous theory of magnetism, that a dielectric sphere situated 
in a uniform field of electric force will undergo electric dis- 
placement of uniform amount, and in a direction parallel to 
that of the force. Thus the complete solution applicable to 
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an infinitely small sphere is obtained from (29), (30), (81) by 
writing / for ho; where by h is denoted the actual displace- 
ment (parallel to z) within the particle, and by ho the displace- 
ment in the enveloping medium under the same electric force. 
If K’ be the specific inductive capacity for the particle, the 
ratio of h: h) is 83K’: K’+2K ; and in this ratio the results 
expressed in (41), (42), (43) are to be increased. If we 
extract the factors KAK~! which there occur, we get 


1 / ges : 
aI og gs a ORE (1.1) oO 
K’/+2K K/ArOK Ni Sik Kk’ 42k 

so that 


a(R Ky ai ay 
fa~ oe oe et. 


We learn from (62) that our former result as to the eva- 
nescence of the secondary light along z is true for an infinitely 
small spherical particle to all orders of AK. 


We will now return to the two-dimension problem with the 
view of determining the disturbance resulting from the impact 
of plane waves upon a cylindrical obstacle whose axis is 
parallel to the plane of the waves. There are, as in the pro- 
blem of reflection from plane surfaces, two principal cases— 
(1) when the electric displacements are parallel to the axis of 
the cylinder taken as axis of z, (2) when the electric displace- 
ments are perpendicular to this direction. 

Case 1.—F rom (12), with C=0, w= constant, 

a” | SOE oe ee 
& ie dy’ Ji Teas 


K 
or if, as before, k=27/X, 
a? a? Nie 
ie t apt) R= -j #ie cule ea 
in which é& is constant in each medium, but changes as we 
pass from one medium to another. From (63) we see that 
the problem now before us is analytically identical with that 
treated in my book on Sound, § 348, to which I must refer 
for more detailed explanations. The incident plane waves are 
represented by 


gint ike = eint eikr cos @ 


=e" {J o(kr) + 2id (kr) cos O+...4+21I,,(kr) cosmo +...}3 (64) 


and we have to find for each value of m an internal motion 
finite at the centre, and an external motion representing a 
divergent wave, which shall in conjunction with (64) satisfy 
at the surface of the cylinder (*=c) the condition that the 


Electromagnetic Theory of Light. 99 


function and its differential coefficient with respect to 7 shall 
be continuous. The divergent wave is expressed by 


Bovro + By, cos 0+ Bay cos 20+..., 


where Wp, 1, &e. are the functions of kr defined in § 341. 
The coefficients B are determined in accordance with 


avn oa saiee d / } 
Ba} ke The om A ¢) Ne Wm Far, Jim (k’c) 
= 20” {Keb m (ke) IV n/ (kc) —keTm (kc) Im'(ke) }, 
except in the case of m=0, when 27” on the right-hand 
side is to be replaced by 7”. In working out the result we 


suppose ke and k’c tobe small; and we find approximately for 
the secondary disturbance corresponding to (64) 


Ss j Hp aa 0 DO TLD De P29 
v=(57-) gilnt—kr) = 5 Be ane Os 6|: (65) 


showing, as was to be expected, that the leading term is inde- 
pendent of 0. 
For case 2, which is of greater interest, we have from (15), 


dt da ad Vid % 

ie Bde * dy Bay +1) xOsed. 566): 
This is of the same form as (63) within a uniform medium, 
but gives a different boundary condition at a surface of transi- 
tion. In both cases the function itself is to be continuous; 
but in that with which we are now concerned the second con- 
dition requires the continuity of the differential coefficient 
after division by k*. The equation for B,, is therefore 


Brn Bal Hea hm - Im (He) ke pn Edn) 


dai ee 

3 ee ae Im(ke) Im'(k’¢) —k'¢ bm(k'c) Im’ (ke) }, 
with the understanding that the 2 is to be omitted when m=0. 
Corresponding to the primary wave ¢e”’T™, we find as the 
expression of the secondary at a great distance from the cy- 
linder, 


¥=(s5) ee Ea 2__ pf? c°) 
/2_ 42 is: 
} nang a 5 ga eas = le ne ao (ers 26]. . (67) 


The term in cos @ is now the leading term; so that the second- 
* In (66) ¢ is the magnetic component, and not the radius of the eylin- 


der. So many letters are employed in the electromagnetic theory, that it 
is difficult to hit upon a satisfactory notation. 
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ary disturbance approximately vanishes in the direction of the 
primary electrical displacements, agreeably with what has 
been proved before. It should be stated here that (67) is not 
complete to the order k‘c* in the term containing cos@. The 
calculation of the part omitted is somewhat tedious in general; 
but if we introduce the supposition that the difference between 
k and k? is small, its effect is to bring in the factor (1—}/’c’). 

Extracting the factor (k?—k’), we may conveniently write 


(67) a 
seal dll ee Cee he? + he 
ee 7 Fe pau) at )[ cos @— 16 


2 
ie cos 20 ], . (68) 
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In the directions cos @=0, the secondary light is thus not 
only of high order in ke, but is also of the second order in 
(4’—k). For the direction in which the secondary light 
vanishes to the next approximation, we have 

: kc? K’/—K if 
eT —O= yg (ke! — Be!) = a a ae snares (70) 
This corresponds to (61) for the sphere; and is true if ke, kc 
be small enough, whatever may be the relation of # and k. 
For the cylinder, as for the sphere, the direction is such that 
the primary light would be bent through an angle greater than 
a right angle. | 

If we neglect the square of (k’?—k”), the complete expression 
corresponding to (69) is hae 

cos 01 —4h'c?) —4 Ce? cos? O= cos O[1—2'e? —4 °C cos 8]. 
This may be compared with the value obtained by the former 
method, viz. cos @ J,(2ke cos 8) +ke cos $0, and will be found 
to agree with it as far as the square of ke. 

If we suppose the cylinder to be extremely small, we may 
confine ourselves to the leading terms in (65) and (67). Let 
us compare the intensities of the secondary lights emitted in 
the two cases along 0=0, 7. e. directly backwards. From (65) 

he — ee 
2 3 
while from (67 k?— he 
( ) vp Oo — j.2¢? Fade 
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The opposition of sign is apparent only, and relates to the dif- 
ferent methods of measurement adopted in the two cases. In 
(65) the primary and secondary disturbances are represented 
by h/K, but in (67) by the magnetic function c. If we express 
the solution in the second case in terms of the electric func- 
tion g, we shall find (see 13) that the ratio of ¢ to g changes 
sign when we pass from the primary light propagated along 
—« to the secondary light propagated along + x. The actual 
ratio of amplitudes in the two cases is thus (k?+k7)/2k’, or 
(K’+K)/2K. Unless the difference between K’ and K be 
neglected, the two components of unpolarized light are scat- 
tered along this direction in different proportions, that compo- 
nent preponderating in which the electric displacement is 
parallel to the axis of the cylinder. The secondary light is 
therefore partially polarized in the plane perpendicular to the 
AXIS. 
June 1881. 


XI. An Abstract "of the Results obtained in a Recalculation 
of the Atomic Weights. By FRANK WIGGLESWORTH 
CLARKE, S.B., Professor of Chemistry in the University of 


Cincinnati*. 


pees G the past three years I have been engaged upon 
a recalculation of all the atomic-weight determina- 
tions which have been published from the time of Berzelius’s 
earlier investigations down to the present date. My purpose 
has been to reduce all similar series of experiments to com- 
mon standards, to calculate the probable error of each series, 
to combine the results into general means, and then to deduce 
the atomic weights in such a way that each value should 
represent a fair average of all the trustworthy estimations. 
In other words, I have sought to bring together all the vast 
number of scattered details, and to derive from them a more 
consistent table of atomic weights than has hitherto been 
found in chemical literature. My complete work will appear 
in due time as a separate volume ; my present intention is to 
give merely a summary of my methods, and my conclusions. 
Taking hydrogen as unity, I necessarily began with the 
ratio between it and oxygen. ‘This ratio has been deter- 
mined accurately in only two ways :—first, by the synthesis of 
water over copper oxide; and secondly, from the relative 
density of the two gases. Ignoring earlier inexact experi- 
ments, we may consider only the data furnished by Dumas, 
by Erdmann and Marchand, and by Regnault. From Dumas’s 
nineteen syntheses of water we get for oxygen values ranging 
* Communicated by the Author. 


102 Prof. F. W. Clarke on the Results obtained 


from O=15°892 to O=16:024. The mean of all is 15-9607, 
with a probable error of +°007. Hrdmann and Marchand 
give eight results, which average O=15°9733+:0113. The 


general mean from both investigations is 
O=15°9642+:006. 


The density of hydrogen, referred to air as unity, was deter- 
mined by Regnault in three experiments. The mean was 
"069263; +:000019. For oxygen four determinations were 
made by Regnault, and one of them was rejected. The three 
remaining figures give a density of 1:105633 ; +:000008. 
The ratio between these two density-estimations gives an 
atomic weight of O=15:9628; +:0044. Combining this 
with the value found from the synthesis of water, we get a 
general mean of j 
O=15°9633 ; +:0035. 

This is the most probable value which can be deduced from 
the published data, and it forms the corner-stone upon which 
our entire system of atomic weights must rest. I need not 
discuss here the methods employed in the calculation of pro- 
bable errors; for they are given in all treatises upon least 
squares. Suffice it to say, that I assign no arbitrary weights 
to the values under examination; each series of experiments 
receives the weight to which the probable error of its mean 
entitles it. | 

Having found a value for oxygen, I next discussed in a 
group the atomic weights of the elements chlorine, bromine, 
iodine, silver, potassium, sodium, and sulphur. The data to 
be considered were determined by Berzelius, Penny, Pelouze, 
Marignac, Maumené, Gerhardt, Millon, Struve, Svanberg and 
Struve, Turner, Dumas, Cooke, and Stas, and represented 
twenty distinct ratios. For example, one of the most impor- 
tant ratios was that between potassium-chloride and potassium- 
chlorate, for which there were nine series of determinations. 
The mean of each series was calculated, together with its 
probable error; and then all nine means were combined into 
one general mean. Thus all the available data were reduced 
to the twenty compact ratios above referred to. Two of these 
may be cited, to illustrate the methods of calculation. 

1. Percentage of O in KCl1O,, 39°154 ; +0004. 
2. Ag: K Cl :: 100 : 69-1032 = 0002: 

From the first of these ratios the molecular weight of KCl 
is easily calculated by the usual proportion 39°154 : 60°846: : 
‘Using the value for oxygen previously found, y, or KCl, 
became 74:4217 ;. and as the probable errors are known for 
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the three known terms of the proportion, we easily deduce 
that of the fourth term, and write 
KCl=74:4217 ; +°0164. 

Here the probable error is a function of the probable errors 
of the experiments upon potassium-chlorate, and the probable 
error of the atomic weight of oxygen. We may now use 
this value KCl in connexion with the second of the ratios 
above cited, and deduce for the atomic weight of silver the 
figure Ag=107°696 ; +:024. Inevery proportion used there 
are known probable errors for three terms, and they are in- 
volved in the probable error of the fourth term. From the 
twenty ratios above referred to, eight entirely independent 
values for the atomic weight of silver can be found. Hach 
value has a definitely ascertained probable error, and each 
receives the weight which that error indicates. The general 
mean of all is 7 

Ao — 076 (os- 0096: 

This is the final result from the discussion of over two hun- 
dred experiments ; and it gives us the key to the atomic 
weights of the other elements in the group under considera- 
tion. These are as follows, when O=15:9633+:0035 :— 


Clarice ipsa oie e 
pigeons ese UIP 
LL SURO ee AZ 


K = 39:019 = 3-002. 

Na= 1 22-998-, = -O1l. 

Sse SUS Se be SEO 
The values which Stas assigns to these elements are all based 
upon the standard of O=16. If we adapt the above figures 
to the same standard, we may compare them side by side with 
those of Stas. As the latter chemist also determined the 
atomic weights of nitrogen, lithium, and lead, I will include 
the values found in this recalculation for these substances also. 


Atomic Weights with O=16. 


New values. Stas’s values. Difference. 
ANE Seneegore 107°923 107°930 —°007 
Ole arassene 35°451 BD°457 — ‘006 
Bis cxuetees 19°951 T9°952 — 001 
| eee sar 126°848 126°850 —"002 
IN aiccc coos 23°051 23°043 +:008 
Et ciate see 39°109 ao lad —'028 
Se sedans 32°058 32°074 —°016 
INE se deka 14°029 ~ 14°044 = "ULo 
Rilre ets caste T0200 7022 +-0015 


CB Ops ic ais.aet 206°946 206°926 + °020 
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The magnificent accuracy of Stas’s manipulations could 
hardly receive more striking confirmation than is afforded by 
these ‘figures. 

The atomic weights of the remaining elements I give below 
in the order of their calculation. I also give the authorities 
whose experiments are combined in the values presented. 
Elaborate details there is, of course, no room for. They must 
be sought in the complete monograph when the latter is pub- 
lished. 

Nitrogen.—Data by Regnault, Pelouze, Marignac, Turner, 
Penny, and Stas. General mean of all, N=14:0210; 
+:0035. This value involyed the values previously found 
for O, K, Na, Ag, and Cl. 

Carbon.—Data by Liebig and Redtenbacher, Maumene, 
Dumas and Stas, Erdmann and Marchand, and Stas. General 
mean of all, C= 12: WO2ZT; s2=0019: Rejecting the series by 
Liebig and Redtenbacher , and by Maumené, which involve 
constant errors, we get from the remaining series a value of 
Ca-1t- 97305 4: 0028. If O=16, this becomes C=12-0011. 
The ratio between oxygen and carbon, therefore, is a ratio 
between two whole numbers, 16 and 12. 

Barium.—Determined by Berzelius, Turner, Struve, Pelouze, 
Marignac, Dumas, and Stas. General mean, Ba=136" 763 ; 
+031. IfO= 16, Ba=137-007. 

Strontium.—Data by Pelouze, Dumas, and Were: 
General mean, Sr=87'374 ; +:032. 

Calcitwum.—Hixperiments by JBerzelius, Hrdmann and 
Marchand, and Dumas. Ca=39:990; +:010, The best single 
result by ‘Erdmann and Marchand gives Ca=39-905 ; or, if 
O16 0a —a0:09T. 

Lead. —Berzelius, Turner, Maivian6, Dumas, Anderson, 
and Stas. Some data were rejected. The final, most pro- 
bable value is Ph=206°471 ; +:021. 

Fluorine.—Berzelius, Louy et, Dumas, and De Luca. Gene- 
ralmean, W—18°984 5 4--007, 

Phosphorus.—The oniy good determinations for this ele- 
ment are those by Schrétter and by Dumas. General mean of 
both series, P=30°958 ; +:007. 

Boron.—Berzelius, Laurent, Dumas, and Deville. In mean, 
B=10°941 ; +:023. Not well determined. 

Silicon.—Pelouze, Dumas,and Schiel. Si=28-195; +:031. 
This constant needs thorough experimental revision. 

Lithium.—Mellet, Diehl, Troost, and Stas. General mean, 
tn (00735) 2=-007: 

Rubidium. ‘—Bunsen, Piccard, Godeffroy. Rb=85-251 ; 
00409. | 
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Cesium.—Johnson and Allen, Bunsen, and Godeffroy. 
Cs=132°583 ; +:024. 

Thallium. — Although I have recalculated the results ob- 
tained by Lamy, Hebberling, and Werther, I need consider 
here only the experiments of Crookes. His weighings, calcu- 
lated with the values for O and N given above, make 
TI=203°715; +:037. Crookes himself, using the value 
NO,=61° 889, found Tl=203°642 and regards his results 
as evidence against Prout’s hypothesis. His experiments, 
however, really fix only the ratio between NO, and Tl. If 
NO, 62. then Tl =204:008 ; that is, the ratio which Crookes 
has rigor ously established is a ratio between two whole num- 
bers, and is confirmator y of Prout’s idea. 

Glucinum.—tThe results of Awdejew, Klatzo, Weeren, and 
Debray have high probable errors, and practically vanish from 
the mean when combined with those of Nilson and Pettersson, 
The weighings published by the latter chemists give me 
Gl= 9-085 + ‘0055, or Gl=13°628+ -008, according to whether 
the oxide is G1O or Gl, Os. 

Magnesium—Scheerer, Svanberg, and Nordenfeldt, Bahr, 
Jacquelain, Marchand and Scheerer, and Dumas. General 
mean of all, Mg=24°103; +°004. Some of the series are 
vitiated by ‘constant errors. The best value is to be deduced 
from Marchand and Scheerer’s work alone, and is Mg=23°959 ; 
+005. 7 

Zinc.—Jacquelain, Favre, and Axel Erdmann. General 
mean, Zn=65°557; +:011. Hrdmann’s results alone, how- 
ever, give a more probable value (considered chemically) of 
Zn = 64°9045 ; +°019. 

Pedi —Von Hauer, Lenssen, and Dumas. General 
mean, Cd=111°770; + 030. 

Mercury.—Part of Turner’s data are to be considered, to- 

ether with results by Erdmann and Marchand, Millon, and 
pS abore. General mean, Hg=199°712; +:042. New 
determinations are much needed. 

Chromium.—Peligot’s work was not available for discus- 
sion. The data studied were by Berlin, Moberg, Lefort, 
Wildenstein, Kessler, and Siewert. General mean from all, 
Cr==52°453 5) + O15. Berlin’s work, considered by itself, 
gives Cr=52" 889; +:019. Siewert’s results give Cr=52:009; 
e203 I regard the last value as freest from constant 
errors, and use it in subsequent calculations. 

Manganese.—Turner, Berzelius, Dumas, v. Hauer, Schnei- 
der, Rawack. General mean, Mn=54° 128 ; +011. Schnei- 
der’s and Rawack’s results ; give a better value of Mn =53- 906 ; 
+0124 
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Tron,—Berzelius, Svanberg, and Norlin, Erdmann and 
Marchand, Maumené, Rivot, and Dumas. General mean, 
Fo=55:913 sip DAZ, 

_ Copper.—Berzelius, Erdmann and Marchand, Millon and 
Commaille, and Hampe. Cu=63:173 ; +:011. 

Molybdenuin.—Debray, Dumas, Rammnelsber g, and analyses 
by Liechti and Kemp. Mo=95°527; +°-051. 

Tungsten.—Berzelius, Schneider, “Marchand, v. Borch, 
Dumas, Bernoulli, Persoz, Roscoe, Scheibler, and Zettnow. 
General mean of all, W =183: 610; +:032. 

Uranium. —Peligot, Hbelmen, ‘and Wertheim. General 
mean, U=238°481; +:082. 

Aluminum.—Ber zelius, Tissier, Isnard, Dumas, Terreil, 
and Mallet. General mean, Al=97: 0092 : -+°0028. All 
the data except Mallet’s might be rejected without essentially 
affecting this value. 

Gold.—Berzelius and Levol. Au=196:155;+:095. A 
thorough redetermination is much needed. | 

Nickel.—Several early series of nickel and cobalt were re- 
jected. The data taken were by Schneider, Dumas, Russell, 
Sommaruga, Winkler, and Lee. General mean, Ni=58°547; 
+009. I attach more importance to the concordant results 
of Schneider, Sommaruga, and Lee, whose figures give a 
general mean of Ni=57:928; +:022. Lee’s investigation 
was of all the least susceptible to constant errors. 
_ Cobalt.—Schneider, Dumas, Russell, Sommaruga, Winkler, 
Weselsky, and Lee. ‘Co =58" 887 ; sf "008. 

_ Selenium.—Berzelius, Sacc, Erdmann, and Marchand, Du- 
mas, and Hkman and Pettersson. Se=78°797; + ‘O11. 

Tellurium.—Berzelius, v. Hauer, and Wills. General mean, 
Te=127:960; +:034. The results of v. Hauer and Wills 
upon K ‘Te Br, give Te=127:170; +°178. Wills’s mini- 
mum fioures give me Te=126° 07. ‘In all of these results 
certain constant errors are possible ; so that the question 
raised by Mendelejeff as to whether tellurium is above or below 
iodine, cannot be regarded as settled. 

Vanadium.—Roscoe’s w eighings, recalculated with the new 
values for O, Ag, and Cl, give V=51:256; +:°024. 

Arsenic. —Pelouze, Dumas, Wallace, and ‘Kessler. General 
mean, As=74'918; +°016. Wallace’s analyses of AsBr, 
were made to abhoh the atomic weight of bromine ; but 
they serve a better purpose here. 

_ Antimony.—For this element there have been the two rival 
figures 120 and122. The general mean from data by Kessler, 
Dumas, and Dexter is Sb=122-092; +:035. The general 
mean from the experiments of Schneider and of Cooke is 
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Sb=119-955 ; +:036. In view of the recent discussions upon 
the subject, we may regard the lower figure as established. 

Bismuth.—General mean from Schneider’s experiments 
Bi=207:523; +°:082. If O=16, this becomes 208-001. 
All of Dumas’s results on bismuth chloride give a mean of 
Bi=210-464; the figures which he. considers best give 
Bi=209:78. Schneider’s work is probably nearest correct, 
his method being less liable to constant errors than that of 
Dumas. 

Tin.—Berzelius, Mulder and Vlaanderen, Dumas, and 
Vlaanderen. General mean, Sn=117°698; -+:040. 

Titanium.—Rose’s weighings give Ti = 48-710 ara OD: 
- Mosander’s figures give Ti=47:045. Pierre’s giveTi =49°889 
+°096 ; and Demoly’s, Ti=52°191+153. A general mean 
of the results of Pierre, Rose, and Demoly is 49:846+ 064. 
Mosander’s work must be rejected for want of sufficient de- 
tails. An experimental revision is wanted. 

Zirconium.—F rom Berzelius’s figures, Zr = 89°255 ; +:°039. 
From Marignac’s data Zr=90°328; +:113. The general 
mean of both sets is Zr=89°367 ; i 037. New determina- 
tions are evidently needed. 

Thorium.—Berzelius, Chydenius, Berlin, Delafontaine, 
Hermann, and Cleve. (General mean, Th=233°414; +:073. 

Gallium—From Boisbaudran’s results, in mean, Ga= 
68°854. 

Indium.—Reich and Richter, Winkler, and Bunsen. Gene- 
ral mean, In=113°398 ; +:047. 

Cerium.—Beringer, Hermann, Marignac, Bunsen and 
Jegel, Rammelsberg, Wolf, Wing, and Buehrig. General 
mean of all, Ce=140°424; + O17. Buehrig’s analyses of 
the oxalate give Ce=141-° 198; +:020. The figures by Wolf 
and by Wing give Ce=137-724. Wolf and Wing had a 
white ceroso-ceric oxide ; and Wolf suspects the ordinary yel- 
lowish compound to contain a fourth metal of the cerium group. 
Buehrig’s work is the best ; but the possible presence of a 
fourth metal is not considered by this chemist. Therefore 
new experiments are needed. 

Lanthanum.—Hermann, Rammelsberg, Marignac, Czud- 
nowicz, Holzmann, Zschiesche, lirk, and Cleve. General 
mean, La=1388: 526 ; +030. 

Didymium. —Marignae, Hermann, Zschiesche, Erk, and 
Cleve. General mean, Di=144:573 ; +:031. Cleve’s work 
alone, which is doubtless the best, gives Di=146- ‘504, 

Scandium.—Nilson’s results, recalculated, “give Sc= 
43°980 ; +°015. ’ 

Yitrium.—Popp, Delafontaine, Bahr and oon yand Cleve. 
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General mean, Yt=97°616. Excluding Popp’s work as 
worthless, the general mean becomes Yt=89°816 ; +°067. 
Yiterbium.—Nilson. Yb=172°761; +°038. 
Erbium.—For this metal the most probable results are those 
of Cleve, which give, recalculated, HEr=165°891. Previous 
workers undoubtedly studied material rich in ytterbium and 
other metals of the group. | 
For terbium, samarium, phillipium, decipium, thulium, &e. 
there are no satisfactory data. Cleve gives 170°7 for thulium, 
while Delafontaine puts Ph=123 to125,and Dp=171. These 
figures assume that all the earths of the group are sesquioxides. 
Columbium*.—Marignac’s results give approximately 
Cb=94 ; Blomstrand regards 95 as the most probable value. 
New estimations are needed. 
Tantalum.—All of Marignac’s figures give a general mean 
of Ta=182:144; +:166. Probably 182 may be safely used 
as the true value. 
Platinum.—By a recalculation of the results lately pub- 
lished by Seubert, I get Pt=194-415 ; +°049. 
Osmium.—Berzelius’s figures give me Os=198°494. 
Iridium.—The general mean calculated from Seubert’s 
weighings is Ir=192°651; +:083. 7 
Palladium.—Bevrzelius’s last results are the only ones worth 
considering. They give Pd=105°737. 
Rhodium.—Data by Berzelius. Rh=104:055. 
Ruthenium.—A single analysis of potassium ruthenio-chlo- 
ride by Claus gives Ru=104°217. Plainly the values for Ru, 
Rh, Pd, and Os need scrupulous redetermination. 


Conclusions. 


A careful scrutiny of all the data upon which the foregoing 
atomic-weight calculations depend will reveal various sources 
of error. Of course, each series of results must be considered 
by itself and weighed on its own merits; but a few general 
errors are important enough to warrant mention here. 

First, every value after oxygen, with one or two partial 
exceptions, involves whatever error may attach to the atomic 
weight of oxygen. If the latter is 16 instead of 15-9633, this 
error in some instances becomes multiplied to a serious ex- 
tent, as a glance at the tabulated results will show. Other 
similar errors are repeated continually. The value assigned 
to any element is necessarily affected by whatever errors may 
attach to the atomic weights of those other elements through 
whose medium it is referred to the standard, hydrogen. 

* This name has priority over the generally accepted “ niobium,” and 
therefore is entitled to preference. 
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Secondly, confusion arises from the fact that many of the 
weighings under discussion were not reduced to the standard 
of a vacuum; while others had been subjected to such a cor- 
rection. The errors thus introduced into the calculations are 
small, but still they cannot be lost sight of. 

Another set of errors of unknown magnitude are produced 
as follows :—Many series of experiments, notably in the work 
of Stas, Marignac, and other eminent investigators, involve 
the titration of chlorides, bromides, or iodides with solutions 
containing known weights of metallic silver. But Dumas 
has lately shown that silver, purified after the usual methods, 
occludes weighable quantities of oxygen. In other words, the 
silver hitherto employed in atomic-weight investigations has 
not been pure silver. One exception is found in Mallet’s re- 
search upon aluminum. Since the atomic weights of nearly 
all the elements depend directly or indirectly upon silver, this 
source of error becomes of the gravest importance. Analogous 
errors may possibly occur with metals other than silver, and 
should be carefully looked for. For example, the atomic 
weights of both copper and oxygen depend upon the reduction 
of copper-oxide in hydrogen. If the residual copper, which is 
weighed, occludes any hydrogen, then the atomic weight of 
copper will come out too high, and that of oxygen a trifle too 
low. Such an error might account for the difference of be- 
tween 15:9633 and 16 in the case of oxygen. 

In connexion with the data discussed in this investigation, 
it is perhaps worth while to consider the bearing of the results 
upon Prout’s famous hypothesis. In order to simplify 
matters I tabulate the new atomic-weight values in two 
columns, one containing numbers referred to hydrogen as 
unity, the other with figures comparable with oxygen as equal 
to 16. 


Table of Atomic Weights. 


| 

H=1. O= 16. H=1. O=16. 
Hydrogen ... 1:0000 1:0023. || Ceesium...... 132°583 132-918 
Fluorine ...| 18°984 19-027 Silver......... 197-675 107-023 
Chlorine ...| 35°370 30°45] Thallium ...| 203°715 204183 
Bromine ...| 79:°768 19951 Phosphorus | 30°958 31-029 
Tomine’ ...... 126°557 126°848 Vanadium...| 51°256 SESia 
Lithium...... 70073 70235 || Arsenic ...... 74918 75°090 
Glucinum ... 9-085 9106 Cadmium ...| 111:770 112°027 
Magnesium | 28-959 24.014 Mercury ...| 199°712 | 200-171 
VATS ee 64:905 65:054 || Calcium ...| 39-990 40-082 
Sodium ...... 22°998 23°051 Strontium...| 87°374 87:575 
Potassium...| 39°019 39°109 Barium ...... 136°763 137:007 


Rubidium ,,.| 85°251 85°529 ead arcsec: 206°471 206946 
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H=1. O=16. = O=16. 
Oxygen ...... 15:9633 160000 || Tantalum ...| 182:144 182°562 
Sulphur...... 31°984 32°074 || Scandium ...| 43°980 44-081 - 
Selenium ...| 78°797 78978 || Yttrium...... 89°816 90:0238 
Tellurium ...| 127-960 128-254 || Erbium...... 165°891 166°273 
Chromium..| 52-009 52-129 Ytterbium...| 172°761 173°158 
Molybdenum) 95°527 95-747 || Cerium ...... 140-424 140:747 


Tungsten ...| 183°610 184032 | Lanthanum | 1388-526 138-844 
Uranium ...| 238°482 239:030 || Didymium | 144573 144-906 


Manganese..| 53-906 54-029 || Carbon ...... 11:9736 | 12-0011 
BON seen ses ces 509138 56:042 Silicon "ss... 28°195 28-260 
Nickel We. 57928 58062 Titanium ...| 49°846 49-961 
Cobalt ...... 58°887 59-023 Zirconium...| 89°367 89:573 
Copper p..%: 63:173 63°318 Aine anerer 117-698 117-968 
BOLO” paces 10°941 10-966 Thorium ...| 233-414 | 233°951 
Aluminum ..| 27-009 27-075 Platinum ...| 194415 194-867 
Gallium...... §8°854 68-963 Dridauma $452. 192-651 193-094 
Indium ...... 113°398 113659 Osmium...... 198-494 198 951 
Nitrogen ...| 14-021 14-029 Palladium...| 105°737 105-981 
Antimony ...| 119°955 120-231 Rhodium ...| 104055 104:285 
Bismuth ...| 207:523 | 208-001 Ruthenium | 104217 | 104457 


Columbium | about 94 about 94 Goldincrs: 196°155 196°606 


Here we have sixty-six elements, or, rejecting columbium 
as too vaguely determined, sixty-five. Such elements as 
phillipium, decipium, thulium, samarium, &c. are not yet 
sufficiently well known to be considered in this connexion. 

In his recent superb investigation of the atomic weight of 
aluminum, Mallet makes substantially the following argument 
in favour of Prout’s hypothesis. Considering the atomic 
weights of eighteen elements only as well determined, he finds 
that ten of them have values varying less that 0:1 from whole 
numbers. In other words, these ten elements have atomic 
weights varying from even multiples of that of hydrogen b 
insignificant amounts. What is the probability that this 
agreement with Prout’s hypothesis in ten cases out of eighteen 
is purely accidental, as those hold who agree with the views 
of Stas? Working this problem out, he finds the probability 
of mere coincidence to be 1:1097:°8 ; and he concludes that 
Prout’s hypothesis is still worthy of careful consideration. 

Applying Mallet’s reasoning to the Table of atomic weights 
now before us, we find that in the first column, when H=1, 
twenty-five out of sixty-five elements have atomic weights 
falling within one tenth of a unit of whole numbers ; but 
many of the figures which fall outside this limit of variation 
involve the variation of oxygen multiplied many times over. 
We must therefore study the second column, which assumes 
O=16. Here we have thirty-nine elements falling within 
the limit of variation assigned byMallet and twenty-six falling 


” 
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without. The latter are chlorine, iodine, potassium, thallium, 
glucinum, mercury, strontium, tellurium, chromium, moly- 
bdenum, rubidium, copper, indium, vanadium, antimony, 
tantalum, erbium, ytterbium, cerium, lanthanum, silicon, zir- 
conium, platinum, rhodium, ruthenium, and gold. Of these, - 
chlori ine, rubidium, and strontium agree closely with half 
multiples of hydrogen ; while tellurium, molybdenum, iridium, 
tantalum, erbium, cerium, silicon, zirconium, lanthanum, 

rhodium, and ruthenium may be dismissed from consideration 
as not sufficiently well determined to bear upon the problem 
before us. The exceptions in the cases of potassium, iodine, 
thallium, glucinum, mercury, chromium, vanadium, antimony, 
ytterbium, platinum, and gold remain to be considered. 

- For potassium and iodine, we must remember that both of 
these elements involve the constant error due to the occlusion 
of oxygen by silver. ‘This error is probably great enough to 
throw the values for both elements outside the limit of varia- 
tion above assigned. Jor thallium it has already been shown 
that when its atomic weight is calculated with NO,=62, 
Crookes’s data give Tl=204:008. The atomic weights of 
glacinum and ytterbium, as given in the Tables, are calcu- 
lated from analyses of the sulphates. If SO,=80,then Gl= 
9:096 ; and Yb=173:016. Both fall within, and one narrowly 
within the limit of one tenth of a unit variation. In the case 
of platinum, I need only say that Seubert’s figures give values 
ranging both above and below the even number 195; while 
as for antimony, although the general mean is Sb= 120° 231, 
‘Crookes’s analyses of the bromide, reckoned with Br=80, give 
almost exactly 120 for the value. For mercury, chromium, 
vanadium, and gold, new determinations are desirable. 

Hnough has been said to show that none of the apparent 
exceptions to Prout’s hypothesis are absolutely inexplicable. 
As the figures actually stand, thirty-nine out of sixty-five 
elements vary less than a tenth of a unit each from even 
multiples of the atomic weights of hydrogen. Of the remain- 
ing twenty-six, three conform to half multiples, three more 
are legitimately recalculable so as to fall within bounds, and 
eleven have been so defectively determined that the assigned 
values can carry scarcely any weight. The remaining nine are 
still subject to slight revision. In ‘short, the many agreements, 
which include three fourths of the well-determined atomic 
weights, renders Prout’s hypothesis very highly probable. It 
is more likely that the seeming exceptions are due to unde- 
tected constant errors, than that the ereat number of coinci- 
dences should be accidental. The mathematical probability 
in favour of Prout’s hypothesis I have not yet calculated ; 
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but a glance at Mallet’s figures will show that it must be 
enormous. | 

As I said at the beginning, this paper is but a summary of 
methods and conclusions. Within its scope elaborate discus- 
sions would not be admissible. I hope that my complete 
memoir will soon be published ; and it is my intention to 
discuss, in an appendix to it, both the bearing of the results 
upon Prout’s hypothesis, and the distribution of the variations 
therefrom. I ought to say, that at the beginning of my 
investigation I was strongly prejudiced against Prout’s hypo- 
thesis, and fully believed that it had been for ever overthrown. 
My results have forced me to give it very respectful con- 
sideration. 


XII. On the Opacity of Tourmaline Crystals. 
By Professor Sirvanus P. Tuomeson, B.A., D).Sc.* 


Introduction. 


1, FFRROURMALINE is distinguished amongst crystals for 

its remarkable optical properties, particularly its 
power of polarizing light. It is distinguished moreover by 
possessing characteristic electric properties. It possesses also 
a crystallographic interest as furnishing an eminent example — 
of non-superposable hemihedry. There can be little doubt 
that these remarkable and characteristic qualities are closely 
related to one another, though as yet very little is known of 
the nature of this probable connexion. In the present paper 
an attempt is made to connect the optical and electrical pro- 
perties of the crystal, by showing that the opacity of the 
crystal to light polarized in a principal plane of section can 
be deduced from its electric conductivity. - 

2. In a paper read before Section A of the British Associa- 
tion at Dublin in 1878, by Dr. O. J. Lodge and myselff, we 
suggested, as a possible explanation of the phenomena of pyro- 
electricity in tourmaline, that it might be found to possess 
unilateral conductivity for electricity—and if for electricity, 
for heat also. Our experiments on the electric conductivity, 
however, led to negative results; and in the case of heat-con- 
ductivity, the only differences observed of a unilateral kind 
were such as occurred while the temperature was either rising 
or falling—not whilst it was constant. Our original sugges- 
tion, therefore, was not confirmed, though I obtained instead 

* Communicated by the Physical Society, having been read at the 


Meeting on June 11. 
cui aleper Brit. Assoc. (Dublin) 1878, p. 495; and Phil, Mag. July 
19, 
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a result which amounted to the discovery of a new pheno- 
menon, “ the Convection of Heat by Electricity’’—namely, that 
in a pyroelectric crystal whose temperature is rising, heat 
flows more easily with the electricity than it does against the 
electricity. We were later indebted to Mr. G. F. Fitzgerald, 
of Trinity College, Dublin, for the suggestion that an analo- 
gous phenomenon might occur, namely that there might be a 
unilateral electric convection whilst the electromotive force 
producing the flow was rising or falling’. 

3. Whilst we were pursuing these investigations, and before 
we abandoned our original hypothesis, the suggestion was 
made to me by Dr. Lodge that if tourmaline possessed uni- 
lateral conductivity along the axis, this might afford a pos- 
sible explanation of the greater opacity observed in coloured 
tourmalines for one set of rays. Tor if, as on our original 
hypothesis, the elasticity in one sense along the axis were dif- 
ferent from the elasticity in the opposite sense along the axis, 
vibrations taking place along the axis would be stopped, and 
the only rays transmitted would be those vibrating at right 
angles to the axis. Unfortunately for this suggestion, the ray 
whose vibrations are executed in a plane at right angles to the 
axis is the ordinary ray, which is the one to which the tour- 
maline is opaque; whilst the ray which it transmits is the 
extraordinary ray, which, being polarized in a plane at right 
angles to the axis, is propagated by vibrations (according to 
Fresnel and Stokes) executed in a principal plane of section. 
I could not, therefore, agree with this suggestion as to the 
cause of opacity in tourmaline crystals, though the suggestion 
that the opacity was involved in the electrical properties of 
the crystal appeared an extremely likely one. 

4, A theory of the opacity of tourmaline crystals, how- 
ever, has recently occurred to me whilst considering the 
general relations of electricity and light; and I now beg to 
offer the following explanation, based upon Clerk Maxwell’s 
electromagnetic theory of light. 

According to Maxwell’s theory, light is an electromagnetic 
disturbance propagated in the same medium which transmits 
other electromagnetic actions, the periodic vibrations being 
propagated in a wave through media possessing “ electric elas- 

* We have not yet put this suggestion to experimental proof. In any 
case the experiment would be difficult, for the reasons alleged in our 
paper of 1878. Moreover the question would still be complicated by 
_ phenomena of heating ; for, as we pointed out in 1878, the phenomena of 
pyroelectricity must be reversible, and the application of an external elec- 
tromotive force to a crystal must produce in it a thermal change just the 


reverse of that which would itself give rise to the electromotive force in 
question. 
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ticity ” (7. e. dielectric properties), but being frittered down 
into electric currents (and ultimately into heat) when these 
vibrations pass into conducting media. Good insulators 
should therefore be transparent, and good conductors opaque, 
to light. If tt can be shown that tourmaline crystals are better 
conductors of electricity in one direction than another, tt can be 
deduced as a consequence of Maxwell's theory that they will be 
better transmitters of light in one direction than in another, and 
that they will absorb more of those rays of light whose vibrations, 
consisting of electric displacements, lie in the direction of best 
electric conductivity. 

The present paper consists of three parits:— 

I. A résumé of the Optical, Electrical, and Magnetic pro- 
perties of Tourmaline Crystals. . | 

II. A Mathematical Theory of the Opacity of Crystals 
which are electrically or magnetically solotropic. 

III. A discussion of the Electric Conductivity of Tourma- 
line Crystals, and of the Experimental methods of observing it. 


I. Physical Properties of Tourmaline Crystals. 


5. Optical Properties —Tourmaline belongs to the rhombo- 
hedral system of crystals, and is therefore optically a uniaxal 
crystal. Its refractive indices are (approximately) 


Ordinary ray 1°6406, 
Extraordinary ray 1°6212; 


and it is therefore a negative crystal. Tourmalines are of 
various colours, occasionally colourless, still more rarely pink 
(rubellite), but frequently bluish-green, green, olive, or brown. 
The commonest of all kinds is of a brownish tint when cut 
into very thin slices, but appears exteriorly jet-black. Those 
of bluish-green or green hue are, according to M. Mascart, 
the most strongly pyroelectric; and of these the most transpa- 
rent are more highly pyroelectric than the opaque varieties. 
In ordinary light a coloured tourmaline is always found to be 
much more opaque to rays traversing v% in a direction parallel 
to tts axis than to rays traversing it at right angles to tts axis, 
egual thicknesses being considered. Tourmaline possesses the 
property of polarizing partially or wholly the light which it 
transmits. Its action on light is usually explained by saying 
that a ray of ordinary light incident upon the crystal is divided 
into two portions, the ordinary and the extraordinary ray, 
which in passing through the crystal are unequally absorbed. 
If a slice of the crystal be taken whose parallel faces are prin- 
cipal planes of section, and which is of a suitable thickness, 
the ordinary ray will be virtually suppressed, whilst the extra- 
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ordinary ray is transmitted, though with some loss by absorp- 
tion. The transmitted ray is polarized in a plane at right 
angles to the axis of the crystal; and its vibrations are there- 
fore executed. (if we assume with Fresnel and Stokes that 
the vibrations are at right angles to the plane of polarization) 
in a direction parallel with that of the axis of the crystal. 

We may remark parenthetically, that the almost complete 
opacity of coloured tourmalines to rays travelling along the 
axis affords a strong confirmation of the views of Fresnel and 
Stokes. For let this axis be the 2-axis of a system of rectan- 
gular coordinates, the transverse vibrations toa ray travelling 
along « must be in planes parallel to the plane (yz); and they 
are suppressed by absorption whether parallel to y or z. Now 
for a ray travelling along y the vibrations are in planes parallel 
to the plane (xz), and the z-component is suppressed by absorp- 
tion, the xz-component only being transmitted; while for a ray 
travelling along the axis of z the vibrations are in planes 
_ parallel to (ya), and, the y-component being suppressed by 
absorption, the z-component is alone transmitted. 

6. Electrical Properties.—W ith the characteristic pyroelec- 
tric properties of tourmaline we have not much concern here; 
for the tourmalines which are most highly pyroelectric appear 
to be least opaque. 

The electric conductivity of tourmaline is in general very 
small. The resistance of a centimetre cube of the crystal 
at ordinary temperatures is certainly many thousand ohms. 
Gaugain states that the resistance decreases rapidly if the tem- 
perature is raised to 400° or 500°, and he has observed* some 
crystals, on being cooled from this temperature, to retain a 
high surface-conductivity, which he attributed to their having 
become hygroscopic—an explanation which seems somewhat 
doubtful, since he states that washing them in ordinary water 
rendered them non-conducting as before. Becquerel sought 
to explain the disappearance of pyroelectric phenomena at 
temperatures above 150° C. by supposing an increase of con- 
ductivity to be assumed at that temperature. In the researches 
of Dr. Lodge and myself in 1878-9 we found no such great 
decrease in resistance, which at 300° C. was still enormous. 
We were not able to compare the conductivity in a direction 
at right angles to the axis with that along the axis. 

The only experiment directed toward the comparison of the 
electric conductivities in different directions with respect to 
the axis of the crystal, are those of de Senarmontt} and of G. 


* Annales de Chimie et de Physique, 3° série, t. vii. p. 8 
+ Ibid. t. xxviii. (1850), p. 257. 
12 
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Wiedemann*, both of whom examined the conducting-power 
of the surfaces of crystals. Their methods and results are 
examined in detail in the concluding part of this paper. They 
each found the conductivity of tourmaline to be greater along 
the axis than across the axis: I shall have occasion for show- 
ing that this conclusion is fallacious. 

7. Magnetic Properties.—-Pliicker examined the magnetic 
deportment of tourmaline. The following account of what was 
observed is given by Tyndallf :—* A plate of the crystal which 
had been prepared for the purposes of polarization, 12 milli- 
metres long, 9 wide, and 3 thick, was suspended by a silk 
fibre between the poles of an electromagnet. On sending a 
current round the latter, the plate, which was magnetic, set — 
itself as an ordinary magnetic substance would do, with its 
longest dimension from pole to pole. The optic axis of the 
crystal, thus suspended, was vertical...... On hanging the 
crystal, however, with its optic axis horizontal, when the mag- 
net was excited, the plate stood no longer as a magnetic sub- 
stance, but as a diamagnetic ; its longest dimension being at 
right angles to the line joining the poles. The optic axis of 
the crystal was found to coincide with its length; and the 
peculiar deportment was considered as a proof that the optic 
axis was repelled.” From all which the logical inference is, 
that the coefficient of magnetic induction is less along the axis 
than in a direction at right angles to it. It is curious that 
Professor Tyndall statest just the opposite to this—that the 
maximum magnetic induction is, in coloured crystals at all 
events, in a direction parallel to the axis. 

8. Thermal Conductivity—De Senarmont examined the 
thermal conductivity of tourmaline by his well-known method. 
The conductivity is greater across the axis than along it, the 
ratio between the major and minor axes of the isothermal 
curves being (according to my own observations) about 3 : 2; 
and these being proportional to the square roots of the con- 
ductivities, we have 

Br POS ie aries 
or 
conductivity alony axis + conductivity across axis —A ee 


The unilateral conductivity observed in my experiments during 
rise or fall of temperature need not be further noticed here. 


9. Radiating-power.—Kirchhoff§ and Stewart|| have shown 


* Ann. de Chim. et de Phys. t. xxix. (1850), p. 229; and Poge. Ann. 
Ixxvi. p. 404 and Ixxvii. p. 534. 

t+ ‘Diamagnetism,’ p. 2. if Op Eien. ae 

§ Poge. Ann, cix, 1860, p. 275. || Proc. Roy. Soc, x. p. 503. 
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that the law of equality of power to absorb and emit radia- 
tions extends to the case of the light absorbed by the tour- 
maline, which, when heated to redness, emits rays partially 
polarized in a principal plane of section—that is to say, emits 
those rays most freely which it most freely absorbs. 


II. Mathematical Theory. 


10. Let K, w, and C stand respectively for the dielectric 
inductive capacity, the magnetic inductive capacity, and the 
conductivity per unit of volume of a medium. In crystalline 
media these quantities will, in general, have different values 
in three principal rectangular directions, being no longer mere 
scalar quantities, but linear (and vector) operators upon their 
several functions. If these values be specitied for any crystal, 
then the optical properties of that crystal may be deduced 
from the general equations of electromagnetic disturbances. 
These equations are found in Maxwell’s ‘ Hlectricity and Mag- 
netism,’ art. 783 (7), as follows:— 


p(n + KS)(F a +E + dd 290 


ax da 
d\(dG , dw ; dd 1) 
p(an0+ KG, + Se) +V G+ =0,5 -- 2) 
d\(dH , dy 5 dJ 
p(4nC+K 5 ie +M)e9 Paes 
where . 
ju aG a kk 


es dy ee 

and where I’, G, H are the components of vector-potential at 
the point (v, 7,2) in three rectangular directions parallel to the 
x, y, and z axes respectively, and where w represents the elec- 
tric (scalar) potential of the possible free electricity. These 
general equations apply to the case of a medium in which both 
electric displacements and true conduction currents are simul- 
taneously produced under the action of an impressed electro- 
motive force. They cease to apply in strictness to the case 
where the medium possesses movements of its own, which we 
are not here considering. If the medium be homogeneous, 
whether eolotropic or isotropic, and if its conductivity under- 
goes no discontinuity in its values at any point (that is to say, 
has the same continuous values in the same direction), there 
will be no reason to expect the phenomenon of electric absorp- 
tion to occur, or free electrification to appear at any internal 
point of the medium. Hence, in considering steady periodic 
disturbances such as light-waves, we may neglect terms inyol- 
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ving only functions of the free electricity, or its volume-den- 
sity, such as Yh, since these will be independent of ¢. 

11. In order further to simplify the equations, we will nar- 
row down the case to that of a plane wave of unpolarized light 
propagated along the axis of z, and therefore lying in planes 
parallel to the plane (zy), in which planes also the electric and 
magneticdisturbancesareexecuted. Wewill further suppose the 
crystal under consideration to be, as tourmaline is, a uniaxal 
crystal, and to have its optic axis coincident with the axis of 2, 
so that the x and y components of the disturbances will be 
respectively parallel and at right angles to the optic axis. 
We shall also make the assumption that in tourmaline the 
vectors, or linear vector operators, which should stand for 
K, w, and C, may be represented with sufficient accuracy by 
assigning to these quantities the values 


K,, K,, Ks, 


fi; Fa; 3s 
C,, C, C3, 


for their respective values as measured in the directions of 
2, Y, and 2. 

We may then write, neglecting functions of J, which in the 
case of periodic disturbances can at most be a linear function 
of the time, ) 


dE EF 
Amy Ci + py ky dt! “+ v?F=0, | 
1G 0G 
AmpC, + H2Ke Ta +V?G=0,} + (2) 


dH Hu | 
Ampusl3—- + f3Ks de == V’a= 0. J 


Since, however, we are going to deal only with disturbances 
in the plane (zy) propagated along the axis of z, we may sim- 
plify the above to the following form :— 


dE et ee 

Sri Ciae tas Gar 6 | 
dG ?G @#G 
dH PH 

Amp3Cs—F- + p3Ks WE. ae J 


Or, in words, the rate of change in the transverse com- 
ponents of electromotive force as the wave advances along the 
axis of z is expressed as the sum of two time-functions of the 
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corresponding components of vector-potential—one of these 
functions varying with the electric conductivity of the medium, 
the other with its dielectric capacity, and both being propor- 
tional also to the magnetic inductive capacity. 3 

12. We have now four possible cases to consider:— 

(i) where K is very great and C relatively negligible, as in 

non-conducting media ; 

(ii) where C is great and K relatively small, as in true con- 

ductors of electricity ; | 
(iii) where C and K are magnitudes of comparable order, 
but having different values in different directions. 
(iv) where w has values differing appreciably in different 
directions.” 

Although from Pliicker’s experiments (see § 7 ante) it ap- 
pears that uw, and mw, cannot be regarded as equal, yet their 
values are both approximately so nearly equal to unity that we 
are not in a position to discuss case (iv). 

13. Case i. (Non-conducting Substance), C=0. 

Hiquations (2) become 


et onder | 
is ae yee | 
aG,  aG. 
H2Ko—a5 — qe a eck OO pas¥ 6 ° (4) 
PH | 
| bs dE =0; J 
whence 
1 @F _ oF 
jk det ai? 


Eueee ce axe oy ©) 
ee ae de? ) 


whence it follows that a plane wave in the plane (zy), 
whose electric displacements are parallel to w, is propagated 
with velocity V,; whilst displacements parallel to y are pro- 
pagated in a wave whose velocity is V, with the following 
values :— 


. ik 
Ve 
SM perch Aiacsen XC) 
1 
Vo 
J pK 


This agrees with the known factthat a wave of light is split on 
passing through the crystal into two portions whose vibrations 
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are respectively at right angles to one another, and which 
move with different velocities. 
Now assuming, as above, “;=#:=1, we have 


SS a es 
Yo vk 


where fp, p; are respectively the indices of refraction for ordi- 
nary and extraordinary rays. 

Billet gives (Optique Physique, p. 619) the following values 
a the refractive indices of different specimens of tourma~- 
ine:— 


Colour of Ordinary | Extraordinary p 
ray. He TRE index (p,). index (,). a 
Colourless ...) Ray D ...... 16366 16193 1:0107 
Greene... ss. hay Dison. 16408 1-6203 1:01265 
Green-blue...| Red ray ...... 16415 1-623 101311 
lu ws: et Red rays... 1°6435 1:6222 1:01313 
IMibatliges..-csmesseenenuss 1:6406 1:6212 1-0120 


14, From these we deduce for the two velocities of light in 
tourmaline:— 
Ordinary Ray. 
3x 10" cm. per sec. 


Vo 16406 = 1:8286 x 10” cm. per sec.; 
and 
Extraordinary Ray. 
2 10 
V\= enn = 1°8504 x 10" cm. per sec. 


15. The two corresponding dielectric capacities should 
therefore be 
K, =p?=2°62838 in direction parallel to crystallographic 
AXIS, 
K,=p2=2°6792 in direction perpendicular to crystallo- 
graphic axis. 
I am not aware of any experimental determination of these 
quantities having been made. 
16. Case ii. (Conducting Medium). 
Here y=0, and we may neglect the terms containing K ; 
for, though K>1, C is by hypothesis much greater, and the 
terms containing C are therefore those by which the mode of 


Opacity of Tourmaline Crystals. 121 


propagation of electric displacements in the medium are repre- 
sented. So the equations (3) become 


dF @F 
dein r 5p — G2 = 9 | 
aG “GG 
Atrpu,C,— dt ae =). \ e e e 6 e (8) 
dH 
hae Wt =0, J 


which are not the equations of any kind of wave-propagation, 
but represent as going on in the plane (wy) the diffusion of 
electricity by conduction through the medium at logarithmic 
rates whose values along the « and y axes are proportional to 
—p,C, and —p,C, respectively; that is to say, the disturbances 
will be propagated just in the same fashion as heat would be 
in a medium whose thermal conductivities and specific heats 
had different values in different directions. The spread of 
electricity in this case resembles therefore that of the spread 
of heat in a thin film when the heat starts at a point and dif- 
fuses around. In its generality the case is therefore compa- 
rable, as Maxwell points out, to that of which Fourier gave 
the complete solution (art. 384, ‘ Analytical Theory of Heat,’ 
p- 382, Freeman’s translation), for the diffusion of heat in all 
directions, where the temperature is represented by the triple 
integral 


dadB dy _—@=#?+@=w9+(y=2)" 
lee yee ie -S(4, B, %); 


in which, if we write »=1/(a—2)’ + (B—y)? + (y—z)?, the ex- 
ponential e~ "AK will represent the value contributed to the 
mean temperature at the point (, y, z <) whose distance from 
the origin is 7, In the present case of diffusion of electric 
currents in the plane (ay), a similarly constructed double inte- 
gral may be employed to represent the distribution of vector- 
potential, the quantity symbolized by & (the coefficient of the 


and 


mud 
4m, Cy 


intrinsic rate of diffusion) being replaced by 

+ in th tial. 
Tories in the exponentia 

ie where the whole energy of the electromagnetic dis- 
turbances is thus converted in the conducting medium into 
the energy of currents diffused through its substance, no wave 
will be propagated; or, as Maxwell ‘has shown, the substance 
will be opaque to light, the energy of the diffused currents 
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being frittered away into heat within the conducting medium 
by reason of the resistance encountered. | 
17. Case iii. (Medium’ possessing both Dielectric Inductive 
Capacity and: Conductivity, the values of K and C being of 
comparable order of magnitude, but having different values in 
different directions). 
We have (from § 11) the equations 
eR _@F 
bt cede| 
?G @G 
a ae 
di ?H 
Amp30s SAEs + pisKs BE =0. J 


ad 
AmpC, at + oy Ky 


G : 
drrpsCr + wKy (3 bis) 


F and G being the components of vector-potential in the # and 
y directions respectively, the problem is to determine at what 
rate these will be diminished by absorption in passing through 
a given thickness z of the medium when the conductivities 
per unit volume in those directions are respectively C, and C,. 
The proportion borne by the transmitted electromagnetic dis- 
placements of the luminous wave to the original displacements, 
after traversing a thickness z of the crystal, will (neglecting 
the small proportion lost by surface reflexion) be expressed by 
an exponential of the form 
Cn a. 

where p is the coefficient of absorption. ‘This coefficient Max- 
well has calculated (art. 798) for the case of isotropic conduct- 
ing media, from the general fundamental equation, on the 
assumption that the disturbance may be expressed as a circular 
function of the form cos (nt—gz). Following the lines thus 
laid down, we will write:— 


= e-?!* cos Ze (Vii—z), . 
Ay 
om er ue (9) 
G=e-?2 cos—(V,t—z), : 
Ne 
where , and p, are coefficients of absorption in the # and y 
directions respectively, and where V, and V, are the two velo- 


cities of propagation (see § 13), and where ), and Az, are the 
corresponding lengths of waves. Now, putting | 


(10) 


Opacity of Tourmaline Crystals. 123 


and 
nV 
ny = x, 5) , 11) 
27V ; 
No = Xe 3 
whence 
Vie eel 
ls eis Aiton os 
V,=— 
2 Ga 


we may write equations (9) in the form 


P=e-?¥ cos (né— 92), 
G = e—?2 cos (Mgt — oz); te ede, 


in which case the expressions (9) will satisfy the differential 
equations (3), provided that 


2pigi=4rp,Cyn,, : 
See OR 2 
2P2qa= AT pg yng. oe 


It follows at once that the coefficients of absorption are 
(15) 


Here C, and C, are volume-coefficients of conductivity, and 
would require to be replaced by their values //bzR, and b/1zR, 
if a given rectangular plate of the substance, of length] 
(parallel to x), breadth b, and thickness z, were measured, and 
found to have resistances of R, and R, respectively in direc- 
tions parallel to wand y. In the actual case of the tourmaline, 
however, in which no measurements of resistance have yet 
been made, the volume-conductivities Cy and C,. may stand for 
conductivities in general. And the proportions of the incident 
(unpolarized) light transmitted by the crystal will be as 
follow :— 

Ordinary ray (polarized in a plane (xz) of principal sec- 
tion ; electric displacements parallel to y, magnetic displace- 
ments parallel to wz), 


Li 2770, V, 
P2= 27 pg0oV >. 


proportion transmitted = e722? = e—472OaVae, 


Extraordinary ray (polarized in a plane (yz) perpendicular 
to the optic axis ; electric displacements parallel to 2, mag- 
netic displacements parallel to y), 


proportion transmitted = ¢—%?* = e~4mHGVie, 
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If O represent the intensity of the transmitted ordinary ray 
and Ki that of the transmitted extraordinary ray, we have 


QO eT #2G2Ve 


fe cmey (16) 
whence 

logO__ mC V, 

foc B ce. ae (17) 


Now the ratio of V, to V, is known (§ 14), the velocity of 
the ordinary ray V, being to that of the extraordinary ray Vy 
in the ratio 18286 to 1°8504. If, therefore, the magnetic per- 
meability were equal both along and across. the axis of the 
erystal, and if the electric conductivity were equal in both 
directions, the relative intensities of the two transmitted rays 
would depend only on the relative velocities; and as V, is 
greater than V., the ordinary ray should be more freely trans- 
mitted than the extraordinary ray, which is contrary to obser- 
vation. The conductivities therefore cannot be equal in fact. 

Billet’s values ($ 13) for the refractive indices of tourma- 
lines of different colours show slight differences, the colourless 
tourmaline being apparently a little less refringent than the 
coloured crystals. As in this case there was no opacity, the 
presumption is that both C, and C, were = 0. If the fact 
were confirmed by observation generally that the index of 
refraction is less in crystals exhibiting no coloration, we 
should be obliged to consider K as no longer independent of 
C in the general equations of electromagnetic disturbances ; 
and V, which is taken =(wK)-?, would require a more com- 
plicated formula for its complete expression. 

18. If, again, either the coefficient of magnetic induction or 
the conductivity be greater along the axis of the crystal than 
across it, then the ordinary ray should be transmitted more 
freely than the extraordinary. This is not the fact with any 
tourmalines; it is always the ordinary ray which suffers the 
greater absorption. 

As I understand Pliicker’s experiment on the diamagnetism 
of tourmaline (§ 7 anté), the crystal examined by that dis- 
tinguished physicist possessed a greater magnetic inductive 
capacity in a direction across the crystallographic axis than in 
the direction of that axis. If this observation were also con- 
firmed for tourmalines in general, we should have some reason 
to expect that crystals possessing electric conductivity, even 
if the conductivity were equal in all directions, should show 
greater absorption for the ordinary ray; for if Cy=(C,, equa- 
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tion (15) becomes 
log:Or 2 V; 
log EB a TEE . . e e e e * (18) 


But yp; and py are so nearly equal to 1 in all cases hitherto 
observed, that the ratio of , to ps. is far less than that of V, 
to V,; and therefore the greater opacity to the ray cannot be 
accounted for on the supposition that it depends on differences 
in the magnetic inductive capacity. 

19. There appears, then, to be no other explanation of the 
observed opacity of coloured tourmaline crystals for rays 
polarized in a principal plane of section than that afforded by 
the hypothesis that the electric conductivity is greater in direc- 
tions at right angles to the crystallographic axis than along 
it. One fact of some importance bearing upon this point is 
an observation which I have made, that the more opaque the 
erystal in general the greater is the inequality of absorption 
of the ordinary and extraordinary rays. The green tourma- 
Tine “C” in my possession, which is about 2 millim. thick, 
transmits both rays partially; but cuts off about three fourths 
of their intensity from ordinary rays, and above half their 
intensity from extraordinary rays. It is about 30 millim. in 
length, and appears to be perfectly opaque in that direction. 
On the other hand, a slice of a jet-black tourmaline, the pro- 
perty of University College, Bristol, not more than 0-2 millim. 
in thickness, is perfectly opaque to the ordinary ray; but it 
transmits extraordinary rays at about half of their intensity. 
Not only must the conductivity as a whole be higher in the 
latter case, but the ratio of the two conductivities must be 
higher in the latter than in the former; and the transverse 
conductivity must be greater than the longitudinal. The 
latter crystal was too small to permit of verification of these 
inferences by direct experiment. 


Ill. Hlectric Conductivity of Tourmaline Crystals. 


20. The conducting-power of the tourmaline for electricity 
is very feeble; and the only determinations that have been 
made of its relative conducting-powers in longitudinal and 
transverse directions are determinations, not of the flux of elec- 
tricity through a slab or film of the substance, but of the 
superficial conductivity along a face of the crystal. This 
superficial conductivity has been examined by two slightly 
different processes, by de Senarmont™ and by Wiedemannf. 

21. De Senarmont’s process consisted in covering the face 

* Ann. de Chim. et de Phys. 3° série, t. xxviii. p. 257. 

+ Ibid, t. xxix. p. 229; and Poge, Ann, Ixxyi. p.404, and Ixxyii. p. 534, 
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of the crystal with tinfoil through which a truly circular hole 
had been punched. ‘The foil was fixed over the crystal with 
gum or varnish, and was connected to earth. At the centre 
of the exposed circle a metallic point was fixed in an insula- 
ting support; and by this means the electricity stored in a 
Leyden jar could be made to flow across the circular space 
from the centre to the circumference. With powerful dis- 
charges from a Leyden battery sparks leapt along the crystal 
face, leaving a permanent trace along the path of least resist- 
ance. Later experiments were conducted in a partial vacuum, 
when the discharge took place quietly in luminous streaks of 
a pale-violet colour along that diameter of the circle which 
‘corresponded to best conductivity along the surface. 

The crystals operated upon by de Senarmont were three 
black tourmalines from Greenland, in the collection of the 
Ecole des Mines, having plane mirror-like faces tangential to 
the lateral edges of the primitive rhombohedron and slightly 
striated (“‘stries 4 peine sensibles’’). With circles of three 
different sizes, de Senarmont found the maximum conduc- 
tivity to lie in a direction parallel to the axis. 

22. Wiedemann’s process consisted in producing an electric 
“fioure” upon the surface of the crystal, which was dusted 
over with powdered sulphur, or lycopodium, or red-lead, and 
then exposed to the discharge of electricity from a finely- 
pointed conductor close to the surface. The powder was 
repelled from the point, and heaped itself all round a clear 
space. In the case of equal conductivities this space was a 
circle ; in the case of unequal conductivities an ellipse whose 
major axis indicated the greater conductivity. Wiedemann 
only examined one specimen of tourmaline. He states that - 
“on the faintly striated prismatic faces of the crystal em- 
ployed, the larger diameter of the electric figure shows itself 
parallel to the principal axis.” He adds, that in the case of 
other optically negative crystals (including calc-spar) the elec- 
tric conductivity is greater along than across the axis. (He 
notes rutile as an exception.) But he appends, as a general 
conclusion, that the electricity is propagated in crystals more 
rapidly in that direction in which the propagation of light is 
the more rapid; which dictum exactly contradicts his own 
observations on calc-spar and on tourmaline, in which the 
velocity of the extraordinary ray is greater than that of the 
ordinary ray 

23. Now, if we are to accept these observations on the super- 
ficial conduction of natural tourmaline crystals with striated 
faces as establishing the electric conductivity of tourma- 
line to be a maximum along the axis and a minimum across 
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it, we shall have to admit that, of all substances examined, 
tourmaline forms the solitary exception to the rule that the 
thermal conductivity and the electric conductivity of sub- 
stances go together part passu*. There is no uncertainty 
as to the thermal conductivity of tourmaline, its transverse 
conductivity being about twice as great (see § 8 anté) as its 
longitudinal conductivity. 

24. Both observers stated that the faces of the crystals were 
striated. De Senarmont appeared, indeed, to think that natural 
-striation interfered less with the regularity of conduction than 
the invisible striations ofan artificially polished facet. I am 
inclined to think from my own observations that, on the con- 
trary, the natural striations of the crystal greatly affect the 
conditions of surface-conductivity. I have repeated both 
methods of experiment upon tourmalines with natural and 
with artificially-cut faces. In the former case, the crystals 
tried were black striated crystals from Norway. They showed, 
as did the crystals used by de Senarmont and by Wiedemann, 
a longitudinal conductivity higher than the transverse con- 
ductivity. I cleaned one of these crystals, first with hydro- 
chloric acid, and then by rubbing its surface in boiling paraffin. 
When cold it was carefully cleaned with a piece of dry leather, 
and the experiments were repeated. De Senarmont’s method 
now showed a transverse conductivity, while Wiedemann’s 
method gave an indecisive result. 

25. I therefore tried another method, as follows :—A small 
circular drop of pure olive-oil was deposited upon the middle 
of the face of the crystal. A pointed needle held in a non- 
conducting support was fixed centrally above it, and then the 
knob of a charged Leyden jar was cautiously approached. 
The oil-drop spread out somewhat irregularly across the sur- 
face; and at its centre appeared a clear space from which the 
oil was repelled. This clear space was distinctly elliptical, 
the major axis of the ellipse being transversely placed across 
the axis of the crystal. The natural striations, however, ren- 
dered the form irregular. When the artificially-cut green 
tourmaline (‘‘C’’) mentioned in § 19 was employed, the ellip- 
tical space in the centre of the oil-drop was much more satis- 


* See Tait, Trans. Roy. Soc. Edinb. 1878, where, however, it appears 
that German silver, while superior in thermal conductivity to lead, is 
inferior to that metal in electric conductivity, being the single Inown ex- 
ception to Forbes’s rule. 

+ “Quant aux stries et aux aspérités naturelles, elles ne semblent pas 
avoir une influence appréciable tant qu’elles ne sont pas extrémement pro- 
noncées. J’ai donc autant que possible, pour étre str des résultats, 
cherché & opérer sur des faces naturelles ou obtenus par le clivage.” Loe, 
cit. p. 264, 
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factorily observed. The ratio of the minor axis to the major 
axis was not greater than 1: 2. 

It is greatly to be wished that some more exact and more 
reliable measurements were made of the conductivity of tour- 
maline in the two principal directions along the axis and 
across it. Although these more reliable measurements are 
still wanting, I am disposed to think that my own experiments, 
backed by the analogy of the thermal conductivity (about 
which there is no uncertainty whatever), are sufficient to 
establish qualitatively that the electric conductivity of tour- 
maline is greater in directions at right angles to the axis 
than in the direction of the axis. If this be established, the 
theory of opacity advanced above is proved. 

26. There is, indeed, one other possible way of accounting 
for opacity in a homogeneous medium besides the supposition 
made above, that the medium should possess electric conduc- 
tivity of one kind oranother. This alternative way of explain- 
ing opacity supposes that a luminous oscillation may pass into 
a calorific one of the same period. The vibrations of light 
being regarded as due to rapid alternations in vector-potential, 
the particles of a medium transmitting the luminous waves 
must be subjected to alternately directed electromotive forces. 
Now let there be in the medium a particle of matter whose 
natural period of oscillation coincides with that of the wave. 
This particle will be subjected to alternate inductions which 
will displace electricity in it from side to side, the (electro-) 
kinetic energy of the movement changing to (electro-) 
potential energy and back again to the kinetic form at each 
half swing, as in the alternations of the swinging ‘pendulum. 
There is no difficulty in understanding that, under this action, 
the mass of the molecule will be set swinging. It is easy 
to set a pendulum, consisting of a metal ball hanging by a 
silk thread, into vibration by subjecting it to periodic electric 
inductions whose period agrees with that of the pendulum. 
Thus the (electro-)kinetic energy of the wave passes over 
into the (pondero-)kinetic energy of the oscillating particle ; 
which is merely another way of saying that the light is ab- 
sorbed and changed into heat. This action, however, can only 
account for absorption on the assumption that the medium is 
homogeneous, and its individual particles themselves conduc- 
tors. But if the medium be homogeneous, all its particles will 
have similar periods of oscillation. This hypothesis may 
therefore account for selective absorption in media, though it 
is not adequate to explain general absorption. If the medium 
be not homogeneous, a third explanation of opacity is possible. 
In a non-homogeneous medium there is no need to suppose 
conductivity to exist; for heterogeneity of structure affords in 
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itself a possible explanation of electric absorption; and if 
electric absorption were possible in the medium, the variations 
of vector-potential would no longer be propagated without loss 
through the medium, any more than they can be through a 
medium possessing true conductivity. And if, by reason of 
structural differences in different directions (differences of 
fibre, lamination, cleavage, and the like), the degree of electric 
absorption were different in different directions, then such a 
medium might possess also a directed opacity. But such an 
opacity would be limited by the limitations of electric absorp- 
tion in general, and would probably be quite distinguishable 
from the opacity arising from conduction in the medium. 
Were electric absorption possible, we could no longer omit 
functions of y, the (scalar) electric potential, from the general 
equations of electromagnetic disturbances assumed in § 10 
and in the succeeding development of the theory. 

27. The main argument for rejecting the supposition that 
electric absorption can account for opacity is derived from the 
consideration that such a medium, after having absorbed 
charges of opposed signs at different surfaces of its heteroge- 
neous structure, would, when left to itself, slowly recover; 
and would give rise to phenomena of recovery, variations of 
vector-potential taking place in the medium in inverse order 
after the lapse of time. Whether this action may furnish a 
possible explanation of the phenomena of phosphorescence 
(Nachleuchtung), is a suggestion which may be worth future 
consideration. Whether the optical properties of tourma- 
line are to be regarded as dependent on its conductivity or on 
any other physical property, the physical property on which 
they depend is certainly a directed property; and its action is 
such that the crystal possesses what Maxwell called “ electric 
elasticity ’’ in a longitudinal and not in a transverse direction. 
Now, as those bodies which possess “ electric elasticity” are 
observed for the most part to phosphoresce under the impact 
of electrified molecules in the negative glow produced in very 
attenuated vacua such as Crookes has obtained, whilst those 
bodies which do not possess this property do not phosphoresce 
under the same circumstances, I venture to predict that, if a 
slice of tourmaline cut parallel to the axis be found to phos- 
phoresce at all when exposed to the negative discharge, its 
phosphorescence will be found to consist chiefly of rays 
polarized in a plane at right angles to the axis—or, in other 
_ words, that it will emit the same kind of rays as it transmits. 
Whether this prediction be verified or not, however, does not 
affect the validity ofthe theory of opacity of tourmaline crys- 
tals here advanced. 

June 4, 1881. 
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XIII. Electrostatic Investigations, especially relating to the 
Division of Induction in the Differential Inductometer and 
in the Electrophorus. By Dr. JAMES MosEr*. 


The Differential Inductometer. 


EE the year 1838 Faraday completed his experiments on 

Specific Inductive Capacity, thus virtually repeating the 
investigations of Cavendish, published some sixty years before. 
At the end of his communication Faraday gave a description 
of an apparatus, the “ Differential Inductometer,” for the 
determination of such inductive capacity. 

This serves as the point of departure for the following in- 
vestigation; but I shall first, and chiefly, consider the electro- 
static induction in a single medium, namely the atmospheric 
air ; so that. the question of “ specific induction,” a question 
involving more than one medium, will be considered later. 

Faraday, in his ‘ Experimental Researches’ (§ 1307), de- 
scribes the above-mentioned apparatus as follows :—“ Three 
circular brass plates about five inches in diameter were 
ee side by side upon insulating pillars. The middle 

e ‘A’ was a fixture; but the outer plates ‘B’ and‘C’ 
were moveable on slides, so that all three could be brought 
with their sides almost into contact or separated to any re- 
quired distance. ‘Two gold leaves were suspended in a glass 
jar from insulated wires. One of the outer plates, ‘ B,’ was 
connected with one of the gold leaves, and the other outer 
plate with the other gold leaf. The outer plates B and C 
were adjusted at the distance of an inch and a quarter from | 
the middle plate ‘A;’ and the gold leaves were fixed at two 
inches apart. ‘A’ was then slightly charged with elec- 
tricity, and the plates ‘B’ and ‘C’ with their gold leaves 
thrown out of insulation aé the same time, and then left in- 
sulated. In this state of things ‘A’ was charged positive 
inductrically, and B and C negative inducteously; the 
same dielectric (air) being in the two intervals, and the gold 
leaves hanging, of course, parallel to each other in a relatively 
unelectrified state.”’ 

Faraday affected the relation of the induction from A to B 
to the induction from A to C by the introduction of various 
dielectrics. JI vary such relationship by altering the distance 
between B and C from A. 

Faraday brought a plate of shellac between the middle 
plate A and one of the outer plates, B. Thereupon the gold 


* Communicated by the Physical Society. 
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leaves approached one another. ‘The leaves again separated 
when the shellac was taken away. According to Faraday, 
the attraction is due to the increased induction where the 
shellac is, causing A to induce more negative electricity on 
B. The side therefore of B (and its gold leaf) furthest 
from A becomes positive. On the other outer plate C there 
is less negative electricity induced; and the outer side of this 
plate, together with the gold leaf connected with it, becomes 
therefore negative. Hence the gold leaves attract one 
another. 

In my experiments I employed three zinc plates of 30 millim. 
diameter, and made use of, on some occasions, a glass jar 
(described above) having the two insulated gold leaves. Some- 
times, however, I used two electroscopes, one of which was 
connected with the one and the other with the other outer 
plate. Under these conditions the kind of electricity which 
was to be found on the plate was easily determined. 

I should like to be allowed to mention a few details which 
I think are of interest in electrostatic investigations. The 
insulation of the wire to which the gold leaves were hung was 
effected simply by passing the wire through a tube of ebonite 
having an external diameter of 5 millim. and 1 millim. opening. 

In order to avoid binding-screws, the numerous edges of 
which are troublesome in electrostatic experiments, connexions 
were made by boring conical holes of diameters from ? 
tapering to 4 millim., and simply thrusting the wires into the 
holes. No electricity must be allowed to settle on the glass 
of the electroscope. I therefore employed an ordinary cy- 
lindrical glass 15 centim. high and 10 centim. wide, but led 
round the glass, inside and outside, a continuous strip of tinfoil 
3 centim. wide, parallel to the gold leaves and connected 
with the earth. By this means the electricity of the leaves 
induced electricity of the opposite kind in the tinfoil; and if 
this charge became too strong, the leaves touched the tinfoil 
and discharged themselves. The glass was provided with a 
wooden cover, through which passed the little ebonite tube 
enclosing the wire. Hach zinc plate was fastened to a hori- 
zontal Z made of shellac. The three Z’s overlapped one 
another, so that the plates could be brought to within 1°5 
centim. of one another. 


Division of Induction. 


The three plates of the differential inductometer are to be 
looked on as two condensers which have one plate, namely 
the collecting-plate, in common. [rom this plate, as “ induc- 
tric,” the induction begins, and ends on the two side plates as 
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“‘inducteous.”’ In this arrangement the division of the induc- 
tion corresponds to the division of the current in flowing 
electricity. 

But before I proceed further with the physical considera- 
tions, which would appear hypothetical, I shall deduce the 
mathematical from the theory of potential. 

If we look upon the differential inductometer as formed of 
two condensers, the total electricity, H, on the middle pi 
consists of two parts, e, and eé; 


K= y+ 9 © 0h) @ 20th oe (1) 
so that e, is the charge on one plate, and e, on the other. 
The value of each of these is found in the following manner. 
According to Green*, if e be the charge on a plane conden- 
ser whose plates have the surface 8 and the distance r, and 
if the potential-function on the one is V, while the other is 
connected with the earth, then 

aS 
— Anr 

In the derivation of this equation it is assumed that 7 is 
small in comparison with the diameter of the plates, an as- 
sumption to which I will return afterwards. 

We will apply this formula to the two condensers of the 
differential inductometer. All three plates have the same 
surface 8. The middle one has the potential V; the two 
outer ones are connected with the earth. Let the distance of 
the plate of which the charge is e, be 7, that of the one with 
charge @ be 7, Then 


VS 
~ dare,’ 
and 
VS 
Oo dor!’ 
and, accordingly, 
Lr 
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In other words, the charges are inversely proportional to 
the distances. The values of the two charges are derived 
immediately from equations (1) and (2). According to these, 
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* Green, Essay, § 8; Thomson, Papers, § 53. 
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These formule, which are the same as those for the divided 
current, are only absolutely true for plates of an infinite size. 
They signify that the inductive capacities of the two con- 
densers which form the differential inductometer are in- 
versely proportional to the distances of the plates. If we 
use the term “ inductive resistance ’’ to denote the reciprocal 
of the inductive capacity in the same way as conductivity is 
the reciprocal of resistance, then, in the case of infinite plates, 
the inductive resistance is directly proportional to the dis- 
tance. In such a case of infinite plates the equipotential 
surfaces are planes parallel to the plates, and the tubes of 
force are cylinders at right angles to them. 

This electrostatic condition is converted into the corre- 
sponding electrodynamic one if a conducting liquid is placed 
between the plates. If, then, the plates are kept at the same 
electrical level by (say) a battery, then a divided current 
would pass from the middle plate through the liquid to the 
two side plates; so that the middle plate would be an anode, 
and the side plates kathodes; and the division would then 
take place in such a manner that the strength of the two 
branch currents would be inversely proportional to the re- 
spective resistances; or, since the latter are proportional to 
the distances, the currents would be inversely as the distances *. 
Just as we incur an error when we pass from the law that 
the divisions of the current are inversely proportional to the 
distances in the case of infinitely large plates, to the case 
where the plates are simply very large, so we incur a similar 
error in electrostatics when we apply the formula for infinitely 
great plates to the inductometer. 

The case in electrodynamics which corresponds to the 
inductometer (which we regard as an apparatus for the 
division of induction) would be the branching of the current 
between three round plates. If we imagine the differential 
inductometer to be plunged into a conducting liquid and the 
potentials to be constantly maintained, then a current would 
pass from the middle plate as anode to the external plates as 
kathodes. Further, if in both cases we construct the system 
of the surfaces of equal potential, then, if their equation be 

V=constant, 
V in both cases (that is, by the branching of the current and 
in the inductometer) would satisfy the same differential equa- 
tion, and the same limiting conditions must be fulfilled. We 
should get in both cases the same system of surfaces of elec- 
trical level; and the perpendiculars to these surfaces would 


* See Currents between Plates, Wied. Galy. § 116. 
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have in the one case to be regarded as lines of force, and in 
the other as lines of flow. The greater the plates are, the more 
nearly fiat are the surfaces of electric level, and the straighter 
are the lines of force. 

Induction and conduction act, therefore, in the same lines. 
Tf, in order to fix our ideas, we take spermaceti as an inter- 
vening plate, as Faraday did, we find, with him, “ spermaceti 
to be a dielectric, through which induction can take place” 
(xp. Res. § 1822). But “spermaceti is also a conductor, 
though in so low a degree that we can trace the process 
of conduction, as it were, step by step through the mass..... 
Here induction appears to be a necessary preliminary to con- 
duction”’ (§ 1323). And although Faraday could not, as we 
have done, formularize the division of the induction in the 
same way as the branching of the current is formularized, still 
he had this agreement in his mind. That he could not formu- 
late this idea was the reason why he was misunderstood; and 
this is the reason which has induced me to examine the point 
more carefully. 

In one case of electrostatic induction through the air 
Faraday replaced a part of the air by sulphur, and found 
that the induction was now greater than when the air was 
there which the sulphur had replaced. | 

He now compares this case with that of the branching of 
a current in bad conductors, one of which he replaced by 
a good conducting wire. Then a stronger current would 
flow through the wire than flowed through the bad conductor — 
which it had replaced. And as much less electricity would 
flow through the remaining bad conductors as more through 
the wire. 

This is the meaning of Faraday’s words, “ Amongst insu- 
lating dielectrics some lead away the lines of force from 
others as the wire will do from worse conductors” (§ 1381). 

I shall, in the following, consider some of the applications 
of this conception of the inductometer as a dividing of elec- 
trostatic induction. 


Method for Determining Inductive Capacity. 


The methods for determining electrical resistance which are 
based upon division of the current may be transferred to the 
measurement of inductive capacity. In Wheatstone’s bridge, 
for example, first given by Christie, we determine an unknown 
resistance as a fourth proportion to three known resistances. 
For this purpose, the current between a point of higher anda 
point of lower potential is divided. Two points, one on each 
of the branches, are found having equal potential. They 
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divide, therefore, the resistances of the two branches in 
like ratio. Then no current passes round a galvanometer 
introduced between these points. In the differential inducto- 
meter the beginning of the branching is the middle inductric 
plate, whose electric level is V, and the end of the branching 
is on the two inducteous plates, where the potential is zero. 
Between the inductric plate and each of the inducteous plates 
let us now introduce a metal intermediate plate of equal po- 
tential, so that there are four divisions whose inductive capa- 
cities are proportional to one another in pairs. If the induc- 
tive capacity of one of these divisions is altered by introducing 
another dielectric than air, then the capacity of the other divi- 
sion must also be altered, in order to restore the original propor- 
tion. The capacity of this second division is changed by alter- 
ing the distance between its limiting plates until the original 
equality of the electrical potential of the two middle plates is 
again reached. ‘This is recognized by finding that a quadrant 
electrometer connecting the two shows no deviation. Thus 
the measurement of inductive capacity is reduced to measur- 
ing a length. This method is essentially the same as that 
recommended by Maxwell and Sir W. Thomson to Mr. Gordon 
for his measurements of inductive capacity, published a year 


ago (Phil. Trans.). 


Theory of the Electrophorus. 


A farther instance of the branching of induction is found in 
the electrophorus. Being about to deduce its theory and to 
discuss the number of electrically effective layers, I shall start 
from Faraday’s differential inductometer. Such a theory of 
the electrophorus as takes Faraday’s views into account 
has not yet been given. Faraday has not developed it; 
and the question as to how many layers are electrically 
effective is not treated by Maxwell, who views the electro- 
phorus not as a symmetrical construction consisting of a plate 
of ebonite with two movable metallic coverings, but as an un- 
symmetrical arrangement consisting of a single ebonite plate 
covered at the back with metal, and having only one movable 
metal plate. 

In this special manner we shall obtain a theory of the elec- 
trophorus, and get a fixed point from which to view the dif- 
ferent theories based on electrical action at a distance and 
expressed in the language of the influence theory. We shall 
approach nearest to that one of these theories which has lately 
been supported by Herr v. Bezold (Pogg. Ann. exliii.). 

The electrophorus, as I view it, is symmetrical. It isa 
non-conducting plate with two movable coverings, and can 
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thus be used as a Franklin’s disk, a Leyden jar, or a condenser. 
My electrophorus consisted of a circular ebonite plate 1°5 
millim. thick and 30 centim. diameter. The coverings were 
of zinc and were of the same diameter, one of them being pro- 
vided with an ebonite handle. For other purposes I used three 
plates of the same shape, of thinner ebonite, together with 
other plates of zinc of similar dimensions. 

The simplest supposition is that the ebonite plate, lying 
on the one uninsulated metal covering, being beaten by the 
fox’s tail becomes negatively electric. Then induction starts 
from this negative layer of this ebonite plate as inductric 
layer (inductor). The inducteous layer (inducendus), where 
the induction ends, is the underlying uninsulated metal plate. 
After putting on and uninsulating the upper metal plate, how- 
ever, the induction branches off again from the upper nega- 
tive layer of the ebonite plate as inductric body (inductor), 
and extends to both the metal plates as inducteous bodies (in- 
ducendus). If there exists, as we have supposed, only one 
inductric layer in the electrophorus, namely the negative one 
on the upper surface of the ebonite plate, the differential in- 
ductometer could be viewed as a scheme of the electrophorus. 
The negative layer of the electrophorus would be represented 
by the negatively charged middle inductric plate of the dif- 
ferential inductometer; and the two metal coverings of the one 
apparatus would correspond to the two of the other. Further, 
this similarity of the two apparatus appears still more com- 
plete if we use the differential inductometer as electrophorus 
for producing electricity. We can uninsulate the one plate 
of the differential inductometer; and bringing the other near, 
we can draw out of it a negative spark; then withdrawing it, 
we can geta positive spark. But one difference now presents 
itself, and proves the insufficiency of our last scheme. As to 
the differential inductometer, it is perfectly indifferent whether 
we uninsulate the right outer plate and insulate and discharge 
the left one, or if we uninsulate this and change the distance 
of the right one. We always get positive discharge from that 
outer plate which we have removed from the negative middle 
plate. The same kind, namely positive discharge, after re- 
moval, must take place if there existed only one inductric 
layer. ‘Then there is, as Faraday (§ 1255) has already pointed 
out, no difference as to the kind of induction through air and 
that through ebonite. Therefore, the ebonite plate being in- 
verted, the upper metal covering (which is now, however, 
lying on the unrubbed ebonite surface) must give positive 
electricity when it is lifted, as the plate did before. 

This, however, is notthe case. Ifwe turn the ebonite plate 
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over, the upper metal covering, on being lifted off, gives nega- 
tive electricity, while formerly it gave positive. 

The differential inductometer, which gave positive in both 
cases, is therefore not a sufficiently accurate scheme to explain 
why we get, 

(1) when the rubbed surface is above, a + spark, 

(2) when the rubbed surface is below, a — spark, from 
the lifted metal. 

The simplest completion of the differential inductometer 
having only one inductor plate, to make a scheme of the elec- 
trophorus, 1s effected by adding a second inductor plate (a posi- 
tively charged one), which corresponds with the underside of 
the ebonite plate. In fact, after beating, the ebonite plate 
attaches itself so closely to the metal sole, that I could hold the 
sole vertical without the ebonite plate sliding down. At first 
the negative layer of the rubbed surface induced positive elec- 
tricity in the metallic sole. The induction is followed by con- 
duction and discharge; a part of the positive electricity goes 
over from the sole to the lower side of the ebonite plate. On 
the other side the negative electricity penetrates deeper from 
the upper surface into the ebonite; so that there are two layers 
on the ebonite plate—a negative one on the upper side, a posi- 
tive one on the lower side. or the understanding of the ques- 
tion, it is here sufficient to regard these layers as plane, 
without discussing the question of the thickness. 

With the help of these two layers we have to explain the two 
observations :— | 

(1) The + spark when the metal plate is lifted from the 
rubbed surface; 

(2) The — spark when it is lifted from the unrubbed one.* 

For the proof of this theory we shall deduce further conse- 
quences from it; and we shall have to confirm these by experi- 
ment. The complete scheme of the electrophorus consists of 
four plates :— 

(1) One negatively charged; 

(2) One positively charged. 

These two are as inductric bodies. 

(3 and 4) Both metal coverings as inducteous bodies (indu- 
cendus). 

To be brief, we will call the covering on the rubbed negative 
surface of the ebonite plate “cover; that on the other, positive, 
unrubbed side, “sole;’’ so that we have in succession 

cover, 
negative layer, 
positive layer, 
sole. 
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Let us call } the distance of the sole from the positive sur- 
face, and d the distance of the cover from the negative layer. 

If cis the thickness of the ebonite plate, a layer of air 
thinner in the ratio of the inductive capacity of the ebonite 
(2:2) would correspond to it, 7. e. of the thickness 


(ES ae 

Gro 
so that in our scheme the four metal plates would stand at the 
distances | 


Biiie Ce Be 
The rubbed side may contain the quantity of electricity 


and from the sole the part 
+ ak 


of the induced quantity may have passed on the unrubbed 
surface: 
Iain Nene ee elle mal a Wi 
Sole. -+-eH. —E. Cover. 


Then, according to the equations (1), (3), and (4), the quan- 
tity —H induces a total amount of + H, viz.:— 


In the sole. In the cover. 
+d +b+¢ 
b+¢é+d — b+d+d — 


In the same manner the quantity of the lower side +H in- 
duces a total of —aHi, viz.:— 


In the sole. In the cover. 

—ac! —ad | —ab E 

b+d+d — b+ce4d ~ 

So that all together is induced :— 

In the sole. In the cover. 

+d—ad —ad +b+—ab 

b+ce+d b+ce+d 
The numerator of the electric quantity in the cover 
+b+¢'—ab 


is always positive. That is, there is always induced in the 
metallic covering on the side of the rubbed surface positive elec- 
tricity; and we get, on removing the plate, a positive spark. 

On the other hand, we recognize that the numerator of the 
electric quantity in the sole 


+d—ac —ad=d(1—a)—ac’, 
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ac’ being constant, changes its sign when d increases: viz. d 
(that is, the distance of the cover) being small, negative elec- 
tricity is induced in the sole, and we get, on lifting the sole, 
a negative discharge. This distance d, however, is small, 
almost nothing, if we invert the ebonite plate and lay it with 
its rubbed surface close to the metal plate. Then we get from 
the upper metal plate (the sole), on lifting it, a negative dis- 
charge. Thus the two phenomena which we intended to ex- 
plain, (1) positive discharge in the original position, (2) nega- 
tive discharge in the inverted position, of the ebonite plate, are 
deduced from our theory. 

The electrophorus contains, therefore, two inductric layers— 
one negative, on the upper side, one positive, on the lower side of 
the ebonite plate. 


Heaperiments with the Electrophorus. 


If the theory developed by us is true, the consequence which 
we are about to draw now must be confirmed by experiment. 
According to the last formula for the numerator of the electric 
quantity of the sole, positive electricity must be induced in the 
sole when the distance d of the rubbed surface from the cover 
is increased, so that we get 


d.(1—a)> ac’. 


This happens indeed, as we see, if we lay the inverted ebonite 
plate, not immediately on the cover, but place it insulated some 
height above the cover, as Herr von Bezold has done already. 
Now the other plate, the sole, being laid on the unrubbed sur- 
face, uninsulated and lifted, gives a positive spark. Whilst 
the sign of the electricity of the cover (the plate on the side of 
the rubbed surface) is always positive, the sign of the elec- 
tricity of the sole (the plate on the side of the unrubbed sur- 
face) changes. It is positive when the distance of the other 
metal plate (the cover) from the rubbed layer is small; on 
the contrary, it is negative when this distance is great. 

In other words, when the cover is on the side of the stronger 
negative inductric layer, the induction of the latter always 
prevails ; in it positive electricity is induced. 

In the sole, however, the nearer but weaker positive layer 
induces negative electricity. ‘To this there is to be added the 
positive electricity induced by the stronger but more distant 
negative inductric layer. The more distant the cover is, the 
more positive electricity is induced in the sole; so that, the 
distance of the cover being large, more positive than negative 
electricity can be induced. 
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_ On the two sides of the ebonite plate the sign of the dis- 
charge is differently affected. 

1. The ebonite plate lying close to the metal plate, the 
other, lifted, metal plate gives :— 

(a) The rubbed surface being above, a positive discharge; 

(6) The unrubbed surface being above, a negative discharge. 

2. The ebonite plate lying some height above the metal 
plate, we get, on the contrary, quite indifferently, whether 
(a) the rubbed surface is above, or (6) the unrubbed surface, 
in both cases positive discharges. 

Thus we have the means of recognizing not only— 

(1) on which side an ebonite plate is charged positively, 

(2) on which side it is charged negatively, but also 

(3) if it had been charged originally negatively on the one 
side or 

(4) positively on the other side. 

For this purpose we place the ebonite plate to be tested close 
to an uninsulated metal plate. Then we put a second metal 
plate on the ebonite disk, uninsulate it, and try the electricity 
induced in it; the opposite one exists in the upper surface 
of the ebonite plate. 

The ebonite plate is now inverted, put again close to the ~ 
uninsulated metal plate, and the kind of electricity of the other 
surface of the ebonite plate is determined in the same manner. 
Thereby we learn which kind of electricity exists in each 
surface. 

Now the ebonite plate is tested at some height over the 
metal plate, at first in the original, then in the inverted posi- 
tion ; itis, however, to be lifted so high that in both cases the 
same kind of electricity is induced. Then the plate contains 
a surplus of the opposite kind, and has been charged with it 
originally on that side on which according to our trial it exists. 

Adding the two quantities of electricity which we have 
found induced in the sole and in the cover, we get, in accord- 
ance with our supposition, 


—H(1—a). 


The greater the quantity which is induced in the cover, the 
less is induced in the sole, and vice versa. If we join the cover 
with one electroscope and the sole with another, both electro- 
scopes show a divergence on moving one of the plates, but in 
opposite senses. 

Through a conducting wire from the cover to the sole there 
flows a current on moving one of the plates; so that the quan- 
tity which flows to the sole has left the cover; whilst in the 
electrophorus itself between sole and cover (@ e. in the re- 
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maining part of the circuit) changes of induction take place. 
In the ordinary experiments with the electrophorus this con- 
ducting wire is represented by the earth, the base being unin- 
sulated. Here we can speak of a circuit only with the same 
right as in the case of a telegraphic battery with earth-con- 
duction. If the conduction is broken by insulating the sole 
after having it uninsulated, the electrophorus is without effect. 
As to the changes of induction in the interior of the electro- 
phorus (which we may imagine as a polarization of the dielec- 
tric), I will further adduce the following experiments :— 

If the ebonite plate, put on the uninsulated base, is strongly 
excited, it attaches itself to the base. If now the cover is put 
on and both metal plates are uninsulated at the same time, it 
attaches itself to the cover, so that we can lift the plate 
by means of the cover. A current of positive electricity has 
flowed at the moment of uninsulating from the sole through the 
outer conducting wire to the cover. Before the current has 
flowed, the induction (polarization) went wholly through the 
ebonite plate; after the current the inductive (polarizing) 
effect of the excited layer extends, for the greater part, through 
the thinner interval of air to the cover, and only for a smaller 
part of it through the thicker ebonite plate to the sole. 

Finally, I may mention an experiment in which branching 
of induction, as well as branching of conduction, may easily 
be observed. I beat the ebonite plate lying on the uninsulated 
base, and put on the excited surface of the first another equal, 
but not excited, ebonite plate, and then on this the metal cover. 
This cover, being uninsulated and lifted, gave positive sparks, 
just as if there had been in place of the upper ebonite plate a 
corresponding layer of air. Immediately after this I tried 
the upper ebonite plate, endeavouring to use it alone as the disk 
of an electrophorus. But this trial did not succeed; the plate 
was ineffective. 

Now I repeated the experiment, laid the same plate again on 
the rubbed surface of the first ebonite plate, put on it also again 
the cover, but left the apparatus unaltered during twelve hours. 
In this case there is ebonite on the two sides of the inductric 
layer of the ebonite plate; induction extends from this layer 
through ebonite to the sole and to the cover. In the same 
manner the conduction—the penetration or absorption of elec- 
tricity—must take place to both sides; and I expected that the 
negative electricity would penetrate not only into the lower 
ebonite plate, but would go over to the upper plate also. This 
is indeed what took place. After twelve hours the upper plate 
could be used as the disk of an electrophorus. Both plates 
gave now strong and, as it seemed, equal effects. As was 
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to be supposed, the upper plate was negatively charged on its 
lower surface, with which it lay on the inductric layer, and 
had therefore to be inverted in order to give similar discharges 
to those of the first plate. 

If we fix our attention specially on the upper ebonite plate, 
we find:— 

(1) That the effect of induction through it began almost 
instantaneously (for immediately after having laid this upper 
plate on the excited lower one I could put on, lift, and dis- 
charge the cover); and that this effect of induction had disap- 
peared also almost instantaneously when I tried to use the 
plate alone for the electrophorus. 

But, further, we have seen (2) that slowly another inherent 
change took place: a penetration of electricity occurred which 
made the plate more duringly effective as an electrophorus- 


disk. 


XIV. Remarks on Thermometry. 
By Enyuunp J. Mitts, D.Sc, FRS* 


Geos: July number of this Magazine contains an expression 
of the desire of Professors Thorpe and Riicker for further 
information on certain points contained in a memoir by myself, 
and recently published by the Royal Society of Edinburgh. 
In view of the increasing interest now taken in thermometry, 
I am willing to comply with their request; but it is only just 
to state that their object would have been gained at a much 
earlier date by a private communication, instead of the much 
longer and indirect method of addressing me in the pages of 
this Journal. 

1. The Exposure Correction.—The results of very many ex- 
periments with four thermometers have led me to propose a 
new formula for this correction, viz. 


y=(a+BN)(T—ON, 
instead of the ordinary one 
y= a(T = t)N, 


where # =°0001545 ; for if we regard « as an unknown 
quantity, and determine it by actual measurements, we shall 
find that it is a linear function of the exposure. Both a and 
6 are found to depend in part on the individual thermometer. 
If we put z=a+N, it is easy to calculate when « (i. e. the 
total correction factor) agrées first for two or more ther- 


* Communicated by the Author 
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mometers. I have given a table of such agreement-points (N) 
in the case of four thermometers ; and if the stated values of 
N are substituted in the four equations (also given), # has in 
all cases the same value. ‘This allegation I must distinctly 
repeat; but I understand Professors Thorpe and Riicker to 
say that it is unfounded. 

On page 3 of the authors’ commentary, a calculation is 
given from which it is inferred that “the exposure corrections 
below 100° C. are, in the case of three out of four similar 
thermometers, practically identical.” The calculation, how- 
ever, takes 100° C., and not any lower temperature ; and it 
happens that the correction-factors are then rather close 
together, while at lower temperatures (to which no reference 
is made) they are much further apart. Thus the “ favourable 
suppositions ’’ are only favourable at 100° C. to my critics, 
with whom, at that point, I entirely agree. At lower tempe- 
raiures their inference is clearly wrong. 

[it may be of interest for me to add that, with regard to 
observational power, I found myself, when in great practice 
with scale-reading, capable of estimating very fairly 55 milli- 
metre. Verifications of this result were not unfrequently 
made by kathetometric comparison; but it involves a higher 
grade of accuracy than the Leeds professors seem disposed to 
allow. 

Bice proceed thus:—“..... it is impossible for the 
correction for a thermometer with an exposed column 166 di- 
visions long to be equal to that of another when no part of the 
column is exposed.’’ But my memoir contains no such state- 
ment. ‘They have here mistaken the “ correction-factor’’ for 
the “ correction,” which is a very different thing. <A correc- 
tion-factor may be attributed, with perfect possibility, even to 
an unexposed thermometer. 

The authors next point out a real error, which I readily 
admit. Among some thousands of calculations of which my 
es contains the results, it appears that a numerical blunder 

as been committed. Instead of multiplying by 4, in a par- 
ticular conversion, I have actually divided by 4. The equa- 
tion containing this error has never once been used by myself, 
and would instantly excite the suspicion of the most careless 
person who employed it. The mistake is thus of no conse- 
quence whatever; but more than a page of the Philosophical 
Magazine is gravely devoted to its discussion. 

2. Zero Movements.—The term “ ascent’’ of a zero has been 
used by me to signify its movement. Sign has been always 
specified, or at least indicated. This is a common, and indeed 
a necessary practice in physical writings. If it has led to 


144 Dr. E. J. Mills on Thermometry. 


confusion in the minds of my critics, I am not prepared to 
suggest a remedy, and must leave their very lengthy disqui- 
sition upon this point entirely unassailed. I should add here, 
that I have nowhere alleged that the motion of a thermo- 
meter’s zero has any particular limit. 

The remainder of the remarks of Professors Thorpe and 
Riicker under this heading comprise a short dissertation 
(page 9) on the prudence that should be observed in applying 
mathematical expressions to represent the results of experi- 
ment. ‘This passage appears perfectly clear, though perhaps 
not wholly novel; but I have so far failed to follow the rest of 
this section, that I am unable to discuss it. Perhaps it will 
be satisfactory if, mathematical formule apart, I make a state- 
ment of matters of fact within my own knowledge. 

When a vacuous mercurial thermometer is heated to suc- 
cessively higher temperatures, its zero continues to fall until 
some particular temperature (say 150°) is reached. After this 
the zero commences to rise (I must not say “ ascend’), as the 
temperature increases to another particular stage (say 340°). 
Between these two phenomena there must be a “ turning- 
point.” As the temperature continues to increase, the zero 
again falls ; this, of course, involves another “ turning-point.”’ 
The ‘rising’ in the second stage often amounts to as much 
as 3° or 4°; this enormous effect I can attribute to no other 
cause than atmospheric pressure. 

3. The remaining criticisms do not, as I conceive, involve 
the imparting of information. It will therefore be sufficient 
for me to reply that to the statements made in my memoir I 
still strictly adhere. Some experiments of their own, referred 
to towards the end of their paper, are cited by its authors 
@ propos of a “rising zero,” which I have not defined as they 
_ suppose. 

Professors Thorpe and Riicker indicate that they may have 
occasion subsequently to further discuss my ‘‘ Researches.” 
Should they thus honour me, I trust it will be to really essen- 
tial and important points that they will direct their attention, 
and preferably by way of experiment. An obvious misprint, 
a slip in arithmetic, a question of mere nomenclature, and the 
like are trivialities unworthy, in my opinion, of grave and 
lengthy publication. 

Glasgow, July 1881. 


hoyle 


XV. Ona Wave-apparatus for Lecture-Purposes to illustrate 
Fresnel’s Conception of Polarized Light. By C. J. Woonv- 
WARD, B.Sc.* 

[Plate II] 


; the ordinary apparatus for illustrating a plane wave, a 

series of cranks or eccentrics are attached to one axle, 
the successive cranks or eccentrics being turned through small, 
but equal angles. Attached to the cranks or eccentrics are 
rods, each of which is terminated by a ball, to represent one 
of the particles of the wave. On turning the axle each ball 
rises and falls in succession, producing a plane wave. This 
apparatus is known as that of Powell. 

The arrangement I am about to describe consists of two 
such apparatus, with the rods connected together at right 
angles to each other. ‘The axles of the apparatus are linked 
by a rod so that they turn together; and, finally, an adjustment 
allows the cranks to be placed relatively to each other in any 
desired position. 

The apparatus, divested of supports and accessories, is shown 
in the figure, drawn in isometric perspective. The cranks 
6, 5, 4, 3, &e. turn with the axle X. The cranks are 
placed successively at 30° angular distance, corresponding in 
position to the figures on a clock-dial ; and as there are twelve 
cranks, one complete wave is represented by a single turn of 
the axle. 

On the axle X’ is arranged a precisely similar set of cranks, 
Around each crank is put a metal strap connected with a light 
wooden rod. These rods, a, b,c, &., a’, b’, c’, &c., are now 
connected in pairs at their free ends each by a pin; so that 
each pair now resembles a pair of compasses with the legs at 
right angles to each other. Around each pin is loosely wrapped 
a wire having a bullet-cast at one end; and to the other end 
of the wire, which, from the action of the bullet, projects ver- 
tically above the rods, is attached a pearl bead. When each 
pair of rods has been thus treated, we have a row of beads 
representing the zetherial molecules composing one wave. 

To the axle X is fastened a metal disk, D, to which is 
attached near the edge a pin, p, surrounded by the loose 
handle, H. On the axle X’ is a similar disk, but in which 
eight holes are drilled at 45° from each other. The holes are 
all tapped, that the pin p’, surrounded by the handle H’, may 
screw into any one of them as desired. A rod, R, connects 
the two pins p and p’, so that both axles can be turned together. 


* Communicated by the Physical Society. 
Phil. Mag. 8. 5. Vol. 12. No. 73. Aug. 1881. L 
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To describe the action of the apparatus, it should be pre- 
mised that the starting-point of each crank is when the crank 
and rod are in the same straight line. Thus, regarding for 
the moment the first left-hand crank only, it will be at the 
starting-point, or zero, when the crank 6 has moved on 45° to 
the left. Similarly with the first right-hand crank, it will be 
at zero if moved back through 45° to the right; so that, in the 
position shown in the figure, the left-hand crank has moved 
through seven eighths of a revolution, while the right-hand 
crank has moved through one eighth; or the difference of 
their phases is six eighths, or three quarters ; and on turning 
the cranks, a wave corresponding to circularly-polarized light 
is produced, each bead describing a circle in succession. Bring 
now the cranks into the position of the figure, unscrew the 
pin p’, and, keeping the left-hand crank steady, move the 
right-hand crank to the vertical position upward. Now the 
left-hand crank, as before, has made seven eighths of a revo- 
lution, but the right-hand crank five eighths, 2. e. a difference 
of phase of one quarter. On inserting the pin p’ and now 
turning the cranks, the beads will describe the same wave as 
before. Now keep the left-hand crank in its first position (the 
position in the figure), remove the pin p’, and turn the right- 
hand crank until it is at 45° from the vertical below and to 
the left. The left-hand crank, as before, has made seven 
eighths of a revolution, the right-hand one two eighths, or 
there is a difference of phase of five eighths ; and on now 
inserting the pin and turning the cranks, the wave produced 
corresponds to an elliptically-polarized ray. Of course, if the 
difference of phase be made one eighth or any odd number of 
eighths, the same kind of wave is formed. Again remove the 
pin, keep the left-hand crank in its first position, and turn the 
right-hand crank to 45° above the horizontal and to the right. 
Insert the pin; and on turning the cranks a plane vertical wave 
will be produced, the cranks being in similar positions, each 
starting at seven eighths of its revolution. Finally, adjust the 
right-hand crank till the difference of phase is half a revolu- 
tion, when a plane horizontal wave will be produced on turn- 
ing the cranks. 

I take the opportunity of acknowledging the assistance of 
my pupil, Mr. William Hall, who made several parts of the 
apparatus in a simple and ingenious manner. 


eee 


XVI. Note on Thermal Conductivity, and on the Effects of 
Temperature-Changes of Specific Heat and Conductivity on 
the Propagation of Plane Heat-Waves. By Professor 
Tart *. 


N the great majority, at least, of investigations (experi- 
mental or mathematical) connected with conduction of 
heat, it has been assumed that the known changes of specific 
heat of metals do not require to be taken into account. ‘Thus 


Angstrom says, even in his paper on the Change of Conducti- 
vity with temperature (Pogg. Ann.cxvili. 1863):—“ Da indess 
diese Verainderungen, soweit man sie kennt, wenigstens in- 
nerhalb der bei den Beobachtungen vorkommenden Tem- 
peraturgrinzen, nicht bedeutend sind,...... so miissen 
dieselben den Werth des Wiarmecoefficienten nur unbedeu- 
tend afficiren konnen.”’ In my paper on “ Thermal and 
Hlectric Conductivity” (Trans. R. 8. E., 1878), I said that 
“‘ the change of specific heat with temperature would increase 
the values of & at higher temperatures, and thus reduce the 
change in conductivity in iron, and increase the small changes 
indicated for the other substances.”” But I had not at hand 
the means of applying these corrections. Recent discussions 
as to the comparative merits of different experimental methods 
have led me to investigate the amount of this effect, by the 
aid of the best data I could procure. A comparison of these 
seems to leave no doubt that the specific heat of iron increases 
by somewhere about 75 of its amount for each degree of 
rise of temperature, at least from 0° to 300° C., between 
which limits the investigations of conductivity have hitherto 
been carried on. | 

Besides this result, which I have gathered from various 
scientific journals, I may adduce from my laboratory book 
for 1868 the following determinations, which were made with 
great care by the late Mr. J. P. Nichol, by means of the 
method of mixtures. The nature of the process employed is 
such that the results mus¢ all err in defect, and the more so 
the higher the temperature. The iron was heated sometimes 
in oil, sometimes in paraffin. 


* From the Proceedings of the Royal Society of Edinburgh, 17th 
January and 7th February, 1881. Communicated by the Author. 
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Specific Heat of Iron. 
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From the first two of these means we find that the specific 
heat at 15° is 0°109 nearly, and that it increases by 749 for 
each degree. 
Now Forbes’s experiments on iron indicated that the 


quantity - the ratio of the conductivity to the specific heat, 


diminishes by about sho part for each degree from 0° C. to 
200° C. Hence it is clear that, in this case at least, the 
alteration of specific heat cannot be neglected in estimating 
that of conductivity. For it follows from the numbers just 
given, that the diminution per 1° in the conductivity of iron 
is really only about 5-5, of the whole amount. My own 
experiments with Forbes’s bars gave an average change of 


: less than that due to the increase of c alone, thus indicating 


an increase of conductivity with rise of temperature. Ang- 
strom’s result, on the other hand, is considerably greater than 
that of Forbes ; but the range of temperatures he employed 
was not above forty degrees. For reasons pointed out in my 
paper above referred to, I consider Forbes’s estimate of the 


value of : from 0° to 150° C., to be probably very near the 
truth. In other metals the change of specific heat is usually 
less than in iron. But so is also that of a It would thus 


appear that we cannot yet state positively that there is any 
metal whose conductivity becomes less as its temperature 
rises; and thus the long-sought analogy between thermal and 
electric conductivity is not likely to be realized. 


\ 
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In the method devised and carried out by Forbes, the 
change of specific heat must be attended to during the calcu- 
lations. Thus we cannot, without going over again the whole 
numerical work connected with what he called the Statical 
Curve of Cooling, estimate accurately what will be the effect 
of this element upon the values of the conductivity. But we 


can easily show that its influence upon Angstrdm’s results is 
to be calculated, at least approximately, by the simple process 
above. 

To avoid the error introduced by supposing rate of surface- 
loss to be proportional to v, we take (instead of a bar) a 
plane slab heated and cooled periodically over one surface. 

The equation for the consequent distribution of temperature 
is 

dv d(,dv 
“di da\" dal’ 
If we assume 
c=¢(l+av), 


k= ko(1 —8v), 
where « and # are small positive constants, and put 
n= *, 
Co 
v=U+oO, 


where w depends upon first powers of « and @ only, higher 
powers being neglected, the equation splits into two as fol- 
lows:— 


i apa da ec. Shere hie te Shue (1) 


dw do au du\? 
de gat = Mat Bus 8 (TZ). «2 
For our present purpose it is sufficient to take 
u= —Ba+Ce-™ cos 2nmt—mza, 


which satisfies (1), and shows the ultimate effect of a persist- 
ent simple harmonic application of heat to one side of the slab, 
whose temperature is taken as our temporary zero; the other 
side being kept at the temperature —Bs, where s is the thick- 
ness of the slab. Here s must be supposed so large that 
Ce~™s is insensible ; else the value of u would be so complicated 
that (2) would become unmanageable. 

Substituting the above value of u in (2) and integrating, 
we obtain the value of w. It consists of three parts. 
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22 B ep.-ame 
BB 9 + Z 76s me 


These terms show how the mean temperature is altered 
throughout. 
Next, we have the single term 


a C7e—2™* cos (4am?t—2mzx). 


This is a small wave of half period, which we need not further 
consider. 
Finally, we have, as the modification of the original wave, 


Oem] (°° Be+ ee Be’) cos (2nm*t—mz) 
_ ee) Ba’ sin (2hmt—mz) fe 


These terms, when combined with the harmonic part of the 
assumed value of w, may be put in the form 


Ce-™* cos (2emt— moa); 


=< Be), 


where 


re ee 


m= — ae Br). 


We thus see the effects of the nk of the quantities a 
and 8 upon the amplitude and phase of the wave ; and it is 
evident that they are of the greater consequence the greater is 
the difference of mean temperature at the sides ofthe slab. 

Hence the only legitimate mode of applying Angstrém’s 
method is to keep the mean temperature the same throughout 
the slab. This can easily be effected. 

It is obvious, moreover, from the values of m, and mz above, 


that Angstrém’s method gives the value of - for the mean of 


the mean temperatures indicated by the two thermometers. 
Only there is always the extraneous factor 


a—3spB 
i c; 
which is usually very nearly unity. 
I have worked out by the above method the case of two 
harmonic waves (in the value of w), one of half the period of 


1+ 
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the other. New terms are thus introduced into m, and mg». 
They are such as to seriously affect the values of these quan- 
tities when wz is small; but they rapidly diminish by increase 
of x. 

If the new term in wu be 


De-™*¥? cos (4an’t—maz/V2+4), 
the additional terms in m, are 


ee a+ —mx/2 os ha 6 D —ma /2 
fa De sin X oe a cos X. 
Those in mz are formed from these by making the first term 
positive, and interchanging the sine and cosine of 


X=mx(./2+1)—E. 


It appears from this investigation that Angstrém’s method, 
when applied with proper precautions, is theoretically capable 
of giving very good results. But it is probable that, in prac- 
tice, the thermometers will have to be supplanted by thermo- 
electric junctions and a good dead-beat galvanometer. The 
best thermometers, when employed for rapidly varying tem- 
peratures, work by sudden starts. 


XVII. Intelligence and Miscellaneous Articles. 


ON THE PRINCIPLE OF THE CONSERVATION OF ELECTRICITY. 
BY M. G. LIPPMANN™, 
[Second Paper, continued from vol. xi. p. 475.] 


ee principle of the Conservation of Electricity is expressed (see 
former article, Phil. Mag. vol. xi. p. 474) by the condition of 
integrability 


on Or SEDEO COO TeCR OMS POON: ee (a) 


Put thus in the form of an equation, the principle is capable of new 
applications. It provides the means not only of analyzing certain 
phenomena, but also of deducing from them the existence and the 
law of new phenomena which experience has not yet made known 
tous. I propose to give some examples of its applications. 

As a first example, I take the phenomenon discovered by M. 
Boltzmann in 1875. This physicist proposed to measure the quan- 
tity termed the dielectric power of gases. For this purpose he 
attaches to a firm stand, under the receiver of an air-pump, two 
parallel metal plates, A, T, which form the two armatures of an 
air-condenser. A is insulated; T is connected to earth. The con- 
denser is charged to a certain degree by placing plate A in commu- 
nication for an instant with the pole of a battery whose other pole 


* Translated from the Comptes Rendus, May 16, 1881. 
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is joined to earth: then A is insulated. If the pressure p of the 
gas in the receiver is now increased, it can be demonstrated that the 
quantity of free electricity on A is diminished. The insulation 
remains perfect, and the plate A has not moved; but the capacity 
of the condenser has become greater by the introduction of the gas 
into the previously exhausted receiver. The effect is virtually the 
same asif the distance between the plates had become D times less. 
The gas possesses, then, the property of making the capacity of 
the receiver D times greater by its presence, D being what is called 
the dielectric power of the gas under pressure p. M. Boltzmann 
has proved that D varies for different gases, and for any one gas 
varies proportionally with the pressure p. 

Such is the phenomenon given by experience, and to which we 
will apply equation («). For this end let us take for independent 
variables the potential x of the plate A, and the pressure p of the 
gas. Let us write 

dm=cdx+h dp, 


where dm is the quantity of electricity received by the plate A when 
x increases by dx and p by dp, and where ¢ is the capacity of the 
condenser when the gas is maintained at pressure p, and h a coeffi- 
cient which, according to Boltzmann’s experiments, is positive. 
Equation (a) becomes here 


This equation expresses the principle of the Conservation of Elec- 
tricity. 

In order to complete the study of Boltzmann’s phenomenon, we 
must apply to equation (@) that equation which expresses the prin- 
ciple of the conservation of energy. When the piston of the 
air-pump in M. Boltzmann’s experiment is displaced through an 
infinitely small distance, the volume v of the air contained in the 
apparatus varies by an amount dv. If we lay down the following 
equation, 

d= dv—x dm, 
di will represent the differential of the energy; and it can be de- 
monstrated easily that the principle of the Conservation of Energy 
will be expressed by the condition that dE be an exact differential. 
To write down this condition, we must express dv as a function of 
xand of p. Let us put 
du=adx+b dp, 


a being a coefficient about which we will make no hypothesis, 6 being 
a function of p and perhaps of x also. We have consequently the 
relation 


Substituting for dv its value in the expression of dE, we have 
dE = (ap —ca)da + (bp —ha)dp. 
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In order that dE may be an exact differential, we must have 
O(ap—cw) _ O(bp— me 


dp da 
or, developing and comparing with equation (1), 
_ {2% 
amar( <= — on —n. Seis eae. (B) 


This equation (6) expresses the principle of the Conservation of 
Energy. Comparing it with equation (a), equation (3) reduces to 


Cae ee Se ae OES Rose ye at.) 


Such is, then, the result of analysis. The two principles of the 
Conservation of Electricity and of the Conservation of Energy are 
expressed by the system of equations («’) and (('). According to 
experiment, fh is a positive quantity; and a is, by equation (('), 
always different from zero, and negative. Nowa is the partial 
derivative of v with respect to the potential ~ Hence the follow- 
ing phenomenon—that if, while the pressure is constant, the plate 
A is more and more electrified, the circeumambient gas will contract 
under the influence of this electrification. The application of equa- 
tion (a), then, makes us foresee a new electric property of gases. 
I say equation (a); for equation (3) alone does not permit us to 
conclude that a is different from zero. The electric contraction of 
ae has recently been perceived by an able German experimenter, 

M. Quincke, in an experiment upon carbonic acid. 

M. Boltzmann has verified by experiment that 


D=1+yp="’, 
y being a specific constant of the gas, and 1 its refractive index. 
Introducing this result into our preceding equations, it follows 
easily that 

Av=—t 6,2", 
Av being the electric contraction of the gas, and c, the capacity of 
the condenser 7 vacuo. And since we have 

i YP = nN, 


it follows that 
n—1 


b) 


or, in other terms, that what we call the “coefficient of electric con- 
traction” of a gas is equal to its refracting-power for light. 

In the accompanying memoir (presented to the Académie des 
Sciences) I have applied the same kind of analysis to various elec- 
tric phenomena—the expansion of the glass of a Leyden jar during 
charge, the electrification of hemihedral crystals by compression, 
pyroelectricity of crystals. I find, amongst other results, the 
existence and the magnitude of the following phenomena, which 
have not yet been verified by experiment :—(1) The dielectric power 


Phil. Mag. 8. 5. Vol. 12. No. 73, Aug. 1881. M 
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of glass augments under the action of a mechanical traction ; 
(2) crystals possessing non-superposable hemihedry of form change 
their form when submitted to electric forces, and this deformation 
may sometimes be in an opposite sense to that which electric attrac- 
tion would itself produce; (8) a pyroelectric crystal is warmed or 
cooled by the approach of an electrified body, according to whether 
the body be positively or negatively electrified. 

The phenomena thus foreseen are the inverse of the phenomena 
from which they are respectively deduced. To establish their ex- 
istence, equation (@) is in each case necessary. J inally, we may 
remark that the sense of the inverse phenomenon may always be 
defined by the following rule, which is an extension of that given by 
Lenz for induction :—The «verse phenomenon is always of such a 
sense that it tends to oppose the production of the promitwe phenomenon. 

The process of calculation which I have employed in this memoir, 
and which consists in translating a physical law by a condition of 
integrability, was introduced into science by Sir W. Thomson and 
by M. Kirchhoff. An examination of the work of those eminent 
physicists will, I think, be convincing that the principle of the Con- 
servation of Electricity is for Electricity that which the principle of 
Carnot is for Heat. 


MR. R. SHIDA ON DR. C. R. ALDER WRIGHT’S NOTE PUBLISHED IN 
THE PHILOSOPHICAL MAGAZINE FOR JULY 1881*. 

In answer to Dr. C. R. A. Wright’s note (page 76, Phil. Mag. 
for July 1881) on my paper and my recent note, I have to state, 
(1) that by what I said in my note was meant that the calculation 
confirmed the truth, in the case of my experiment described in my 
paper, of the very fundamental law of Ohm, namely 

SOE va SS OeeT 
Oe iets Fa OF E=(v aes 


(an equation identical with that shown in his note after elaborate 
steps of reasoning), where E denotes the E.M.F. of the cell in 
the circuit consisting of (6) the internal resistance of the cell and 
(r) the resistance external to it, and v—v' denotes the difference of 
potential between the poles of thecell when the current C is flowing 
through the circuit ; and (2) that what I measured both electro- 
statically and electromagnetically in my experiment was one and the 
same H.M.F., the E of the Thomson gravity Daniell, but not (v—v') 
the difference of potential between the poles, which I do not call 
the E.M.F. of the cell as he (Dr. Wright) does. 

[The ‘“two-per-cent.” error alleged by Dr. Wright is a creature 
of his own imagination, due seemingly to misunderstanding of 
Ohm’s Law !—W. T.] 


* Communicated by Sir William Thomson. 
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NOTE ON THE PHOTOGRAPHIC SPECTRUM OF COMET b 1881. 
BY WILLIAM HUGGINS, D.C.L., LL.D., F.R.S. 

On the evening of June 24 I directed the reflector furnished 
with the spectroscopic and photographic arrangements described 
in my paper ‘‘On the Photographic Spectra of Stars”* to the 
head of the comet, so that the nucleus should be upon one half of 
the slit. After one hour’s exposure the open half of the slit was 
closed, the shutter withdrawn from the other half, and the instru- 
ment then directed to Arcturus for fifteen minutes. 

After development the plate presented a very distinct spectrum 
of the comet, together with the spectrum of the star, which I have 
already described in the paper referred to above. 

The spectrum of the comet consists of a pair of bright lines in 
the ultra-violet region, and a continuous spectrum which can be 
traced from about F to some distance beyond H. 

The bright lines, a little distance beyond H, with an approximate 
wave-length from 3870 to 3890, appear to belong to the spectrum 
of carbon (in some form, possibly i in combination with hydrogen) 
which I observed in the spectra of the telescopic comets of 1866 
and 1868. 

In the continuous spectrum shown in the photograph the dark 
lines of Fraunhofer can be seen. 

This photographic evidence supports the results of my previous 
observations in the visible spectra of some telescopic comets. Part 
of the light from comets is reflected solar light ; and another part 
is light of their own. ‘The spectrum of this light shows the 
presence in the comet of carbon, possibly in combination with 
hydrogen. 

On the next night, June 25, a second photograph was obtained 
with an exposure of an hour anda half. This photograph, not- 
withstanding the longer exposure, is fainter, but shows distinctly 
the two bright lines and the continuous spectrum, which is too 
faint to allow the Fraunhofer lines to be seen. 

Postscript, July 9, 1881.—I have since measured the photographs 
of the comet’s spectrum ; and I find for the two strong bright lines 
the waye-lengths 3883 and 3870. The less-refrangible line is much 
stronger; and a faint luminosity can be traced from it to a little 
beyond the second line, 8870. There can be no doubt, therefore, 
that these lines represent the brightest end of the ultra-violet 
group which appears under certain circumstances in the spectra of 
the compounds of carbon. Professors Liveing and Dewar have 
found for the strong line at the beginning of this group the wave- 
length 3882°7, and for the second line 3870-5. 

I am also able to see upon the continuous solar spectrum a 
distinct impression of the group of lines between G and h, which 
is usually associated with the group described above. My measures 
for the less-refrangible end of this group give a wave-length of 
4230, which agrees as well as can be expected with Professors 
Liveing and Dewar’s measure 4220. 

* Phil, Trans, 1880, p. 669. 
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In their paper ‘“ On the Spectra of the Compounds of Carbon ” 
(Proc. Roy. Soc. vol. xxx. p. 494), Professors Liveing and Dewar 
show that these two groups indicate the presence of cyanogen, and 
are not to be seen in the absence of nitrogen. _ If this be the case, 
the photograph gives undoubted evidence of the presence of nitrogen 
in the comet, in addition to the carbon and hydrogen shown to be 
there by the bright groups in the visible part of the spectrum. On 
this hypothesis we must further suppose a high temperature in the 
comet, unless the cyanogen is present ready formed. 

I should state that Mr. Lockyer regards the two groups in the 
photograph, and the groups in the visible spectrum, as due to 
the vapour of carbon at different heat-levels (Proc. Roy. Soc. 
vol. xxx. p. 461). 

itis of importance to mention the strong intensity in the photo- 
graph of the lines 3883 and 3870, as compared with the continuous 
spectrum and the faint bright group beginning at 4230. At this 
part of the spectrum, therefore, the light emitted by the cometary 
matter exceeded by many times the reflected solar light. I reserve 
for the present the theoretical suggestions which arise from the new 
information which the photographs have given us.—Proceedings of 
the Royal Socrety, No. 213, 1881. Communicated by the Author. 


THE EXISTENCE OF THE LUMINIFEROUS THER. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 

In the papers which I have communicated to your Journal on 
the above subject, 1 have endeavoured to show that the phenomena 
of Optics can be explained without calling in the aid of any sub- 
stance of the nature of the ether, and also that what may be termed 
ordinary matter possesses the requisite properties to enable it to 
act as the medium which serves for the transmission of the undu- 
latory movement. Although I have not anywhere in these papers 
laid claim to originality, yet I was quite unaware at the time of 
writing that the same ideas had been previously propounded. Until 
after the publication of the second of these papers, I regret to say 
that I had not read ‘The Correlation of Physical Forces.’ I find 
that so far back as 1842 the distinguished author of this work had 
published his views on the subject, which in almost every particular 
are the same as those held by myself. All credit for originality is 
therefore due to Sir W. R. Grove; and it is probable that, if I had 
known how completely he had anticipated the conclusions to which 
I have arrived, my papers would never have been written. As it 
is, however, it is due to Lord Justice Grove to make this statement ; 
and in doing so I take the opportunity of expressing the pleasure 
one feels at finding his views shared by so eminent an authority. 

I have the honour to be, Gentlemen, 
Your obedient Servant, 
Ernest H. Coox. — 
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XVIII. On the “ Rotational Coefficient” in Nickel and Cobalt. 
By . H. Hatt, PA.D., late Assistant in Physics in the 
Johns Hopkins University, Baltimore*. 


HIS article may be considered as the continuation of 
one published in the ‘ Philosophical Magazine’ for No- 
vember 1880, under the title “On the new Action of Mag- 
netism ona Permanent Hlectric Current,’ in which were given 
the results of some quantitative investigations of a certain 
phenomenon recently discovered in the Physical Laboratory 
of the Johns Hopkins University. Itwill perhaps be remem- 
bered that the essential feature of this phenomenon is the set- 
ting up, in a conductor bearing an electric current, of an 
electromotive force at right angles to the primary electromo- 
tive force, when the said conductor is subjected to the action of 
a magnetic force at right angles to the direction of the current. 
In the article alluded to, results were given as obtained with 
gold, silver, tin, platinum, iron, and nickel. The magnitude 
of the effect observed, relatively to the strength of the primary 
current, the intensity of the magnetic field, and the dimen- 
sions of the conductor, had not been determined with any 
accuracy in the case of nickel and tin, though it was known 
to be comparatively large in nickel and small in tin. The 
other metals ranged themselves, as regards the numerical 
magnitude of the effect exhibited, in the following order, viz. 
iron, silver, gold, platinum—the effect observed in iron being 
-* Communicated by the Physical Society, having been read at the 
Meeting on May 28, 1881. 
Phil. Mag. 8. 5, Vol, 12, No. 74. Sept. 1881. N 
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several times greater, and that in platinum several times less, 
than the effect in gold or silver. The fact of greatest interest, 
however, was that, if we called the direction of the transverse 
effect in iron +, that in the diamagnetic metals, and in nickel 
and platinum also, would be —*. 

In view of this remarkable disagreement in behaviour be- 
tween the two strongly magnetic metals iron and nickel, it 
seemed highly desirable to make a quantitative investigation 
of the effect in nickel as soon as possible, and extend the ex- 
amination to the other strongly magnetic metal cobalt. Most 
of the experiments to be described in this article relate, there- 
fore, to nickel and cobalt. The examination of the latter was 
a hasty one, and may well be described first. 

No thin strips of the metal being at hand, a slice was sawn 
from a small block of moderately pure cast cobalt and worked 
into the form of a cross. To the extremity of each arm of this 
cross was soldered a thin strip of copper 2 or 3 centim. long, 
for the purpose of making the electrical connexions. The 
cross of cobalt with the copper strips attached was now fast- 
ened with hard cement to a strip of glass and worked down 
with a file to sufficient thinness. Before placing the cross 
upon the glass its thickness, and that of the glass also, was 
measured by the calipers. After cementing the two together, 
the total thickness was found, and, again, the thickness of the 
whole after the cross had been filed down. The thickness of 
the cross in its final condition was thus estimated at °45 mil- 
lim., to which value an uncertainty of perhaps 10 or 15 per 
cent. attaches. 

With this apparatus it was found that the direction of the 
transverse effect in cobalt is +, 7. e. the same as that in iron. 
As to the magnitude of the effect, a ia was found to be 
44 x 10°°, placing cobalt between silver and iron. The speci- 
men of cobalt used, however, contained some nickel (how 
much is not known accurately); and this doubtless counter- 
acted in part the effect of the cobalt. It seems probable, 
however, that, allowing for all errors, the transverse effect in 
cobalt is less than that in iron, other things being equal. The 
magnetic field used was about 9000 (cm.-gr.-sec.), stronger 
than has yet been used with iron. 


* These signs are given to avoid tedious repetitions. I have here called 
the effect in iron + simply because its direction in this metal is that which 
the conductor itself bearing the current would follow, if free to move 
across the lines of magnetic force under the action of the ordinary “ pon- 
deromotive”’ force. No significance further than this is at present 
attached to this choice of signs, 
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We now return to the consideration of nickel. 

The original experiment with this metal had been made with 
a specimen so irregular, that it had not been possible to deter- 
mine the magnitude of the transverse effect except in the most 
general way. The direction had been determined beyond ques- 
tion. The specimen of nickel now employed, and with which 
the results to be given were obtained, was quite different in 
appearance and physical condition from the first specimen 
though it was obtained in about the same manner, viz. by 
stripping off a piece of nickel plating from the metal upon 
which it had been electrolytically deposited. The first spe- 
cimen was very brittle, the second quite tough. The latter 
was about ‘001 centim. thick. As to its purity hardly any 
thing is known except what is told by its physical characte- 
ristics. It is probably affected by all the impurities of ordi- 
nary nickel plating. It contains very likely a little cobalt, 
and perhaps a trace of iron. I understand, moreover, from 
Professor Wolcott Gibbs, that nickel plating deposited in the 
usual manner (7. e. from an ammoniacal solution) is much 
affected in its physical properties by nitrogen in some way 
retained by the metal. It would have been desirable, of 
course, in all cases to work with pure metals; but such were 
not at hand, or easily obtainable in the proper form, and it 
was not thought best to defer the experiments until pure spe- 
cimens could be obtained*. 

The second specimen of nickel showed an effect of the same 
sign as the first, and numerically greater than the effect which 
had been observed in the specimens of iron and cobalt used. 

It now became a matter of great interest to determine 
whether the transverse effect had really any connexion with 
the magnetic properties of the metals. It was determined 
therefore to make a series of experiments, keeping the primary 
current through the metal as nearly as practicable always of 
the same strength, but varying within wide limits the inten- 
sity of the magnetic field. We should in this way ascertain 
whether the transverse effect was simply proportional to the 
strength of the magnetic field, or was related to it in some 
more complicated manner. 


* This may strike some readers as unwise. It has even been suggested 
that the difference in behaviour of iron and nickel may be due to impuri- 
ties in one or the other. This suggestion implies that the transverse 
effect in these metals is so related to the magnetic properties that, as they 
resemble each other in one respect, they should also in the other, but at 
the same time admits that slizht impurities, such as would certainly be 
very far from reversing the magnetic property of either metal, may reverse 
the transverse effect in the same, This does not seem probable, 
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By the term “strength of the magnetic field,” as just used, 
is meant the intensity of the field between the poles which 
obtains when the metal plate is not in the field. This inten- 
sity is measured, as described in the article already alluded to, 
by withdrawing suddenly from the field a small coil of wire 
and observing the effect upon a galvanometer in circuit with 
the coil. This gives what is called the magnetic induction in 
this part of the field. In general, the magnetic induction in 
any magnetized space would be changed by introducing into 
that space a body capable of being magnetized by induction. 
The well-known expression for the magnetic induction within 
any such body placed in a magnetic field is (Maxwell’s 
‘Treatise,’ vol. ii. art. 428) 

B=H+479; . . 
where § is the magnetic force within the body (Thomson’s 
‘Polar Definition,’ reprint, p. 397), and 3 is the intensity of 
magnetization (Maxwell, art. 384). 

Now, in case of uniform magnetization, is equal to the 
intensity of the field as it would exist if the body magnetized 
by induction were removed (i. e. just what we measure by 
means of the coil and galvanometer), together with the force 
exerted by what we may call the magnetism induced on the 
surface of the magnetized body. This latter force will, of 
course, depend upon the shape and dimensions of the body. 
If it is a very thin disk, the reaction of the induced magnetism 
will, as Maxwell remarks, be equal to —4m3; and in this 
case, writing {§* for the intensity of the magnetic field as 
above defined, we have 


H=F—473. 0 
Substituting in (1), we have 


BS=%. lines 2 ae ee 
which means that, in a very thin disk magnetized by induc- 
tion, the magnetic induction is just what it would be in the 
space occupied by the disk if the disk were removed from the 
field. | Now the strip of nickel which we employ has a width 
600 or 800 times its thickness ; and it has been assumed that. 
we may, for our present purpose, regard it as suchan infinitely 
thin disk as Maxwell supposes. ‘The error resulting from this 
assumption may easily be seen to be small. At the centre of 
the strip of nickel the real value of $ would be perhaps 7, of 
one per cent. greater than the value as above determined. At 
a point 1 millim. from the edge of the strip the error might 
amount to 4 or 4 of one per cent.; while at 75 millim. from 

* Called M in previous article. 
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the edge it would perhaps be two or three per cent. The 
average of the real values of $, therefore, at points along 
the line running across the strip from one side connexion 
to the other, is probably a rather small fraction of one per cent. 
greater than the value obtained on the assumption that ¥ is 
equal to S§. This error is, to be sure, not constant; but it is 
nearly so up to 8= about 5000; and whenit begins to change 
rapidly, it grows smaller. 

Its influence upon the curve given further on must be very 
small. We assume therefore, as stated above, that by deter- 
mining the strength of the magnetic field by means of the coil 
and galvanometer before the nickel is placed in the field, we 
ascertain with sufficient accuracy the value of the magnetic 
induction in the nickel strip itself when placed in the mag- 
netic field. The advantage of determining this quantity is of 
course very great ; for though we are probably unable to say 
what is the exact physical nature of magnetic induction, we 
do attach to the quantity represented by that term a very 
definite and important mathematical significance. 

It was designed, therefore, to investigate the law of the 
variation of the transverse effect with the variation of the 
magnetic induction. Nickel was the best metal to experiment 
upon, for the following reasons: the strip of this metal at 
hand was very thin ; the transverse effect appears to be essen- 
tially more powerful in nickel than in iron or cobalt; the 
magnetic permeability of nickel changes more rapidly than 
that of iron or cobalt with high magnetizing-powers. 

As it was desired to determine simply what function of the 
magnetization the transverse effect would prove to be, the pri- 
mary current through the nickel strip has been kept approxi- 
mately constant, the greatest variation from the mean being 
probably not many per cent., as will be shown further on. 
Within these limits it has been assumed that the transverse 
effect may be considered a linear function of the direct current. 

It should be here stated that this latter relation has not yet 
been proved to hold rigidly even in a non-magnetic conductor 
like gold; and the matter must some time be investigated, 
though there seems to be no reason to think that the assump- 
tion, as above limited, can prove to have involved any consider- 
able error. 

The intensity of the magnetic field, and so the magnetic 
-induction in the nickel plate, has been varied from about 1600 
to about 10,000 in absolute (cm.-grm.-sec.) measure. 

In the course of this investigation I have become indebted 
to nearly every one connected with the Physical Laboratory 
of the Johns Hopkins University, but particularly to Mr. 8. 
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H. Freeman, Fellow in Physics, and Mr. H. R. Goodnow, 


Special Student in Physics, who for a while carried on 
the experiments together. Mr. Freeman especially worked 
with me for a long time; and several suggestions of his in 
regard to the arrangement of apparatus and the method of 
experimenting were adopted with great advantage to the work. 

In my last article on this subject the results of measure- 


MxV 
ments were given in the form ae where M was the 


strength of the magnetic field*, V was the direct current 
divided by the section of the conductor, and H’ was the trans- 
verse electromotive force per centimetre of the width of the 
strip. In that article were given certain reasons for thinking 
the above quantity more likely to be a constant for any given 


metal than the quantity = , where E is the electromotive 


force per centimetre of the length of the metal strip. Recent 
developments, to be spoken of further on, raise the question 


Mxk 
if 


whether the ratio E will not after all prove to be the more 


fundamental and invariable quantity; but as E is rather dif- 
ficult to determine with accuracy, and as in any given strip of. 
metal V is likely to remain under ordinary conditions of tem- 
perature &c. very nearly proportional to H, the use of the 
former quantity will be retained for this article at least. The 
values of M [{§] will be given separately, however; and, for 
/ 
convenience in plotting the results, the quantity = will be 
used instead of Me The values of § will, in plotting, be laid 
/ 
off as abscissas, and the values of = be taken as ordinates. 
This method of plotting gives a simple curve in the present 
case, and puts the results of the experiments in form to be 
compared with those of previous investigations of some of the 


/ 
magnetic properties of nickel. It is this quantity = which, 


after Maxwell, in accordance with the suggestion of Mr. Hop- 
kinsonf, is now called the ‘rotational coefficient’’ of nickel. 


* Called & in this article. 

+ Phil. Mag. Dec. 1880, p. 480. Prof. Rowland has (Phil. Mag. 
April 1881, p. 254) remarked upon Mr. Hopkinson’s note. Maxwell did 
not know any such effect to exist. In fact he expressly stated that it pro- 
bably did not exist; yet, seeing the possibility of it, he let fall the phrase 
which seems now best fitted to define this newly discovered property of 
the metals. 
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Mr. Hopkinson has suggested “ rotational coefficient of resist- 

ance;’’ and possibly some quantity might be found which 
/ 


would demand that title. At first sight = which is an elec- 


tromotive force divided by a quantity proportional to a cur- 
rent, would seem to be of the nature of a resistance ; but it is 
to be noticed that the electromotive force H’ is not the cause, 
but the effect, of the current implied in V. 

In the experiments which I have described in previous 
papers, no account was taken of the temperature of the con- 
ductor experimented upon. When these experiments upon 
nickel, however, had been going on for a long time, it began 
to be suspected that the temperature of the room, and so of 
the nickel plate, did exercise a very considerable influence 
upon the magnitude of the transverse effect as expressed by the 

/ 
ratlo Vv 

A few hasty experiments with considerable ranges of tem- 
perature in the room indicated very decidedly that the tempe- 
rature was a factor to be considered, and that the higher the 
temperature the greater the value of HK’, other things being 
equal. The magnitude of this influence can hardly be deter- 
mined from results thus far reached. It may prove that the 
transverse electromotive force H’ is no more increased by a 
rise of temperature than the direct electromotive force K* is ; 
and in this case it would appear, as intimated above, that the 


/ 
ratio = is the one to be investigated rather than 7 


iD 

Future investigation must determine this matter; and mean- 
while it has been sought to avoid evil consequences by regu- 
lating, as well as practicable, the temperature of the nickel 
plate. Sometimes an experiment had to be made at a rather 
high temperature for instance; and an attempt would then be 
made to balance this by making another with about the same 
strength of magnetic field but at a low temperature, or vice 
versd. There was, however, even now no attempt to deter- 
mine the actual temperature of the nickel; but a thermometer 
was hung up with its bulb close to the plate, and as nearly as 
practicable always in the same position with respect to the 
latter, and both plate and thermometer were protected from 
sudden changes of temperature. As the nickel was of course 
heated by the current, its temperature must have been always 
considerably higher than that indicated by the thermometer. 

* Apparently E’ is in nickel affected by temperature more than E in 
most metals would be; but the rate of increase of the resistance of nickel 
with rise of temperature seems not to be known. 
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Moreover this difference must have varied somewhat with the ~ 
strength of the direct current; so that the temperature read 
can be assumed to give only a very rough indication of the 
changes in temperature of the nickel. | 

None of the numerical results of measurements made with 
nickel before the disturbing influence of temperature was dis- 
covered are here published. Insome of the results afterwards 
obtained, however, the effects of variations of temperature can 
apparently be detected, as will be pointed out hereafter. 

The general method of experiment has been already sufli- 
ciently described in previous papers. There will now be given 
in tabular form the most important data involved in this ex- 

/ 


amination of nickel, and the values of ua obtained. The abso-. 


Vv 

lute strength of the primary current through the nickel strip 

in any case is not given, as, by the method of experiment, 

both the constant of the galvanometer used to measure this 

current and the horizontal intensity of the earth’s magnetism 

at this galvanometer (this intensity being assumed to be con- 
/ 


stant during any one determination of =) are eliminated from 
/ 
the formula for v" There will be given, however, the tan- 


gents of the angles of deflection of the galvanometer-needle, in 
order to show about what were the limits of variation of the 
primary current. Jt may be well to state that this current 
was what one Bunsen cell would send through—say, six or 
eight ohms. It will be seen that there are variations of about 
6 per cent. in tana; and the actual variations in the primary 
current may possibly have been considerably greater than 
this; for on March 11th, 12th, and 14th the galvanometer 
stood in a different room from that in which it was placed for 
the previous observations, and the horizontal intensity of the 
earth’s magnetism was probably somewhat different in the two 
places. I have, however, as stated above, assumed that within 
the limits of these variations the value of EH’ is a linear funec- 
tion of the direct current. It is evident that no large error 
can result from this assumption. 

It will be seen from the table that the experiments began 
with the smallest values of the magnetizing force and went on 
by stages to the highest. This is the proper course to follow 
in order to avoid at any stage of the magnetizing force the 
effects of a previous stronger magnetizing force. It must, 
however, be stated that, before the series of experiments whose 
results are here published was begun, the nickel had already 
been several times subjected to a magnetizing force of about 
7500, i. e. four or five times as great as the forces with which 


in Nickel and Cobalt. 165 


this series begins. The question, of course, arises whether 
there may not have been induced by this means a permanent 
magnetism sufficient to affect the results of subsequent expe- 
riments. In order to settle this question as far as possible, a 
small piece of nickel film, of the same quality as the strip in 
use, was first subjected to the action of a field of about 7000 
or 8000. It was then placed in a field of perhaps 1500 or 
1600, whose direction was such as to tend to reverse any per- 
manent magnetization which might have been induced in the 
film by the previous field. It was found that now in the 
second field the nickel became magnetized, temporarily at 
least, in the direction of that field. No attempt, I believe, 
was made in any case to detect the permanent magnetization. 
In this trial the small piece of nickel film was magnetized, 
not in the direction of its thickness, but in a lateral or longi- 
tudinal direction; so that we do not here have an exact parallel 
to the case of the strip; but it seems probable that magneti- 
zation in the direction of the shortest dimension would be 
much more easily disturbed than that in a longitudinal direc- 
tion. Moreover, just before the series of experiments was 
begun whose results are here published, quite a long series 
was made with magnetizing forces about equal to those with 
which the published series begins; and this treatment would 
have tended, no doubt, to obliterate any traces of permanent 
magnetism due to the action of previous higher ‘orces, even if 
this permanent magnetism had been much greater than we 
have any reason to suppose it was. On the whole, therefore, 
the probability of any considerable error from this source 
seems to be very small. 


Date. Temperature. Tana. | & or 8. 7: x 10". 
(e) | 
Feb. 24, 1881...... 185 330 1667/8, |) (2008 
ID ee: 22-0) 532 ie dGape wee Cott T 
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2B vv wanes 16:0 386 1735 213'2 
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Laying off the values of 8 on the base-line, and taking thé 
/ 


values of a plotted on a convenient scale, as ordinates, we 
have curve (1). It will be seen that this curve is nearly straight 
for a considerable distance, and that if this portion were ex- 
tended backward it would pass very near the origin. Between 
the points corresponding to 8®=5000 and 8=8000 the line 
tends strongly to the right, and thenceforward it continues as 
if asymptotic to some horizontal line not very far above. 


Base-line of (3) | Ls ee rs eee | | 4 


curve for So, 


Base-line of (2) 
curve for$, 


Base-line of (1) 


9000 10000 11000 
curve for v 


B 1000 2000 3000 4900 £000 6000 7000 8000 


/ 
The points marking the highest values of a do not fall so 
well in line as one might wish ; but by looking at the table it 
will be seen that there were considerable variations of tempe- 


rature accompanying these observations; and to these varia- 
tions the irregularities can perhaps be in some part attributed. 
[ 


We see now at once from the diagram that 2 is not pro- 


portional to %, the magnetic induction in the nickel. Can we 

find any magnetic quantity to which it is more simply related ? . 
If we turn to the observations of Prof. Rowland on nickel*, 

we find that they can, as he says, be plotted in several ways. 


* Phil. Mag. Aug. 1878 and Noy. 1874. 
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In order to compare them with the observations above given, 
we need to plot them in some manner that will lay off the 
values of 8 (M in Prof. Rowland’s first paper) on the base- 
line. We may then take as ordinates the values of the 
magnetic permeability, as Rowland has done in his first paper 
(plate i.), or the values of «, Neumann’s coefficient of 
induced magnetization, or the values of §, the “ magnetic 
force’’* within the nickel, which would be a reversal of one 
method used by Rowland in his first paper (plate ii.); or, 
finally, we may use the values of 3, “the intensity of magne- 
tization according to the German theory,” as Rowland calls 
it in his second article. 

Having plotted these various curves we may compare them 
with (1) above, in order to determine whether our quantity 

/ 


s corresponds vos ulealy tore. 10", U0) 5), OL DO). 

The curve for uw 4 will, long before %® has reached the 
higher values used in the curve for 7 have reached a maxi- 
mum and returned nearly to the base-line. The curve for « 
=| will be very similar to that for ~. We do not, then, 


find suggested a close connexion between mw or « and the 
quantity we are studying. 
The curve for bends upward, and is therefore quite dis- 
if 


similar to that for = 


The values of $ 8B | obtained from two of Rowland’s 


series{, made either with different specimens of nickel or with 
one specimen under quite varied conditions, give the curves (2) 
and (3). A separate base-line is taken for each of the three 
curves; and the ordinates of (2) and (3) have been plotted on dif- 
ferent scales, in order to make the general inclination of those 
curves agree with that of (1). The values of $, however (and 
this is the essential particular in the plotting), are given on the 
same scale for all three curves. ‘The important facts about 
the lines (2) and (8) are that they are sensibly straight for a 
long distance, that they appear to come nearly straight from the 
origin, and that they begin to bend perceptibly toward the 
horizontal when 8 becomes 4000 or 5000. Although these 
lines are carried only a short distance beyond this region, 


z eee pens ‘Polar Definition,’ reprint, p. 397; and Maxwell’s Treatise, 
art, 098, 
~ t Phil. Mag. Aug. 1873, p. 153, and Noy. 1874, p. 327. 
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we can yet be sure that the bend is not due to faulty 
observations; for to make an error of 1 per cent. in the value 
of 3 at this point would require an error of very many per 
cent., say 20 or 30, in the value of w as determined by Prof. 
Rowland. From the manner and rate at which mw was 
changing at the points where his experiments ceased, it seems 
almost certain that these lines would continue to bend, and for 
a time to bend rapidly.. Indeed the curve in which Prof. 
Rowland has continued « beyond the range of his experiments 
would indicate that the curves (2) and (3), if continued a short 
distance further, would turn downward and approach the base- 
line. This, however, would mean that the magnetization 3 
actually decreases after a certain point with increase of the 
magnetizing-force. The possibility of this is spoken of by 
Rowland*; but there seems to be no experimental evidence of 
such an effect; and if it does not exist, it appears altogether 
probable that the lines (2) and (8) would become asymptotic to 
horizontal lines lying considerably higher than any points 
reached by the curves as here given. 

We can therefore say that, so far as actual experiments have 
gone, there seems to be much tending to prove a very simple 
and intimate relation in nickel between the transverse effect 
and the “ magnetization according to the German theory.” 

It would, of course, be desirable to test for some more 


minute agreement than has yet been traced between the curves 
/ 


for = and $; butsucha testing would probably be difficult to 


make. An exact agreement could not be expected; for it 
would probably be almost impossible to obtain exactly the 


same quality and condition of metal in the very different 
/ 


shapes required for experiments on $ and experiments on Vv 


There are, however, certain minute characteristics which 
would belong to all curves for 3. Thus (2) and (38) should not 
be straight at any point. They are lines of double curvature, the 
steepest part of each being not far from O6=2000. The cur- 
vature in this region, however, is very slight; and to detect a 

/ 


. . . . EB . e 
corresponding curvature in the line for vy? if such exists, 


would be a matter of considerable difficulty, though not, 

perhaps, impossible. avs 
Having gone thus far with nickel, we might, were it not for 

the anomaly presented by the sign of the rotational coefficient 


* Phil. Mag. Nov. 1874, p. 322. 
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in iron and cobalt, make a prediction by analogy as to what 
/ 


would prove to be the character of the curves for = in these 


V 
metals. We should say that they would be sensibly straight 
for a much longer distance than the curve for nickel, and that 
in fact it might be difficult to carry the magnetization far 
enough to detect any marked departure from a straight course, 
So great a difference in behaviour as is indicated by a reversal 
of the sense of the transverse effect, however, makes any such 
predictions hazardous. 

This difference of sign in the rotational coefficients of the 
magnetic metals is so anomalous and so important a fact, that 
one returns again and again to its consideration. Quite 
recently the determination of this sign for all three metals has 
been made anew. Ihave now tested, in all, four plates of iron 
(three of them having been cut from the same sheet, but the 
fourth being of a different thickness and probably of a some- 
what different character), two plates of nickel (certainly very 
different from each other in condition), and one specimen of 
cobalt. With all these the record is perfectly consistent. 
Nevertheless it would be desirable to examine more specimens, 
and those differing widely in character. Different experimen- 
ters have observed many peculiar effects in iron under the 
influence of magnetism and the electric current, magnetism 
and mechanical strain, or the combined influence, which in a 
certain form we have here, of all three; and these effects 
appear to differ greatly, and sometimes to be of different signs, 
in soft iron and hard iron or steel. Thomson has found* 
that, under conditions of the above character, soft iron and | 
nickel are, in certain apparently very important particulars, 
opposed in behaviour. I have looked in vain through all the 
facts of this kind with which I am acquainted for any plausible 
explanation of the fundamental phenomenon of the transverse 
action, nor can it be said that any clue has been found to the 
eause of the diversity observed. Nevertheless the opposition 
which Thomson has found in the behaviour of soft iron and 
nickel, under conditions of magnetism and mechanical strain, 
furnishes an analogy which should not be lost sight of. 
Thomson has moreover noticed that the effect which he was 
studying in soft iron became reversed in this metal at a 
very moderate value of the magnetizing force. It might be 
well to test the direction of the transverse effect also with 
very small intensities of the magnetic field. 

An extended examination of the effect in iron and cobalt, 
similar to that which has been made in the case of nickel, 


* Phil, Trans. May 1878. 
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should be undertaken as soon as practicable. It will require 
very great intensities of the magnetic field and a very large 
battery* to carry these metals through a range of magnetiza- 
tion corresponding to that through which nickel has been 
examined. It seems doubtful whether the magneto-electric 
machine can be here employed, as the current which it pro- 
duces may not be sufficiently uniform to be used with ad- 
vantage. 

The examination of the non-magnetic metals also should be 
continued us fast as circumstances will permit, with the object 
of determining the sign and, when practicable, approximately 
the magnitude of the rotational coefficient in every case. 


In my article of last November I stated that, in accordance 


* In the experiments here detailed, the largest battery used has con- 
sisted of 48 large Bunsen cells arranged 8 in series. The resistance of 
each cell was probably something more than an ohm; the resistance of 
the electromagnet is, I think, rather less than an ohm. The resistance of 
the connexions was considerable, however; and the battery probably gave 
about its best effect. 

After this powerful battery had been applied to the electromagnet, a 
rather singular effect was observed on returning to the use of weak cur- 
rents. In making observations in the usual way to determine the strength 
of the field produced by these weak currents, it was found that the im- 
pulses given to the galvanometer-needle were very capricious. These 
observations may be arranged under two heads, + and —, according to 
the direction of the current through the electromagnet, this current being 
usually reversed after each withdrawal of the little coil from between the 
poles. The observations being arranged in this way, it would be found 
that there were occasional sudden changes of many per cent. in the read- 
ings in the same column. Of course the most obvious explanation of the 
phenomenon was that some connexion was loose, either in the circuit of 
the galvanometer and the test-coil or in that of the electromagnet. That 
the fault was not in the former circuit was made probable by the fact that 
by means of the earth-inductor, which was in the same circuit, quite uni- 
form deflections of the galvanometer-needle were produced. To test for 
a fault in the magnet circuit, a tangent-galvanometer was introduced into 
it and its deflections observed during the series of observations on the 
streneth of the field. 

The readings of the tangent-galvanometer decreased slowly with the 
running-down of the current; but the changes were quite regular, and not 
at all of a character to account for the irregularity of the other observa- 
tions. The most plausible explanation I could finally propose was, that 
this irregularity in the strength of the magnetic field was due to a sort of 
uncertain struggle between the action of the present weak magnetizing 
current, and the magnetization previously induced by the strong currents 
in the poles of the electromagnet, which are not, I believe, of very soft 
iron, and are probably capable of considerable permanent magnetization. 
I do not by any means feel able to assert, from my rather hasty observa- 
tions, that there can be no other explanation. I have, however, simply 
thought the matter of sufficient importance to justify me in recording what 
seemed to be the fact. 
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with Prof. Rowland’s suggestion, I had tested the Kerr effect 
with one specimen of nickel, and found it to be of the same 
sign as the effect which Kerr had observed with iron. In 
order to prevent mistakes, the experiment was repeated with 
iron, or rather, I suppose, with steel, the result being the same 
which Kerr had obtained. The surface of nickel first used in 
this way was the coating upon one of the plates of Prof. Row- 
land’s absolute electrometer, the metal beneath being brass. 
Two other specimens of nickel have since been tried. One 
was a coating deposited electrolytically directly upon the iron 
pole of the electromagnet, the other was a nickel film fastened 
with soft cement to a plate of glass. Probably none of 
these specimens was pure; but (and this is a matter of more 
importance) the third was of precisely the same character and 
origin as the specimen in which the transverse effect was 
studied. The Kerr effect is of the same sign in all three 
plates of nickel, 7. e. of the same sign as the effect in iron. 

One specimen of cobalt has also been tested for this effect. 
A block of cast cobalt, quite similar to that from which was 
cut the cross mentioned in the first part of this article, was 
sawn in two, and one of the fresh surfaces was made quite 
smooth with a file and then polished with emery. It is not 
difficult to get a sufficiently good surface. An hour’s work 
might prepare it. | 

With sunlight and a tolerably strong magnetic field, say 
4000 (cm.-grmm.-sec.), the rotation produced by cobalt was de- 
tected, and found to be of the same sign as that observed with 
nickel and iron. 

The fact that nickel behaves like the other magnetic metals 
in optical effect, but differently from them in the transverse 
electrical effect, is on its face undoubtedly an argument against 
the theory which refers the two effects to the same cause. In 
order if possible to examine the optical effect in a somewhat 
different manner, an attempt has been made to detect an action 
of magnetized nickel upon polarized light transmitted directly 
through it. or this purpose a thin piece of glass was coated 
over a part of its surface with nickel by Wright’s process*, 
the action being stopped before the nickel film became thick 
enough to be opaque. It was found, however, that the glass 
alone, although only about 4 millim. thick, perceptibly rotated 
the plane of polarization of the light sent through it when 
subjected to the very strong magnetic field employed. The 
action produced by the nickel and glass together was of the 
same sign as that produced by the glass alone; and as the 
magnitude of the effect could not in either case be measured 


* Amer. Journ, of Science, Jan. 1877, p. 49, and Sept. 1877, p. 169, 
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with any accuracy, the experiment was quite negative in result. 
I now, however, took a glass tube, fused the end, and blew out 
the bubble till it burst. A piece of the exceedingly thin film 
thus obtained was subjected to the action of the magnet, and 
most strenuous endeavours were made to detect its action upon 
the beam of polarized light. This action must have been ex- 
ceedingly slight, though there is some evidence, which it is 
not necessary to give, that it was detected. The glass, how- 
ever, was coated as the first piece had been, and again with its 
coating subjected to the action of the magnet. The trial was, 
for certain reasons, rather unsatisfactory ; and although no 
rotation of the plane of polarization was now detected, I do 
not think this fact can be taken as evidence that the effect of © 
the nickel had counterbalanced the effect of the glass. Both 
these experiments on direct transmission have been, we may 
say, quite negative; but these details are given as marking 
out a line of research which will probably be some time 
resumed. 

An endeavour has also been made to detect a possible rota- 
tional effect due to reflection from silver when strongly mag- 
netized*. For this purpose two strips of silver upon glass 
were used; and these strips were fastened one upon each pole 
of the magnet, the silvered surfaces being turned toward each 
other and as nearly parallel as practicable. The poles being 
brought near together and the light being let in between the 
silvered surfaces at a large incidence, it was possible to obtain 
twenty or thirty successive reflections before the beam emerged 
toward the analyzing Nicol. Certain difficulties were intro- 
duced by this arrangement; but in spite of these I think that, 
if the action of silyer had been one tenth as strong as that of 
iron, the effect would have been detected. No such effect was 
observed. 


XIX. On the Results obtained from a Modification of Bun- 
sen’s Calorimeter. By Prof. B. Stewart and W. Strovpf. 


a DESCRIPTION of this instrument was brought before 
this Society on June 26, 1880, and afterwards ap- 
peared in the Proceedings of the Physical Society, vol. iv. 
p. 52, and Philosophical Magazine, vol. x. p. 171. The 
results obtained at that time were not very good, owing 


* In this experiment I had the very efficient assistance of Mr. Arthur 
W. Wheeler, Fellow in Physics, whose untimely death is so deeply 
lamented. 

+ Communicated by the Physical Society, having been read at the 
meeting on June 26, 1881. 
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greatly to the large bore of the capillary tube, which neces- 
sitated the use of a large quantity of substance, the conse- 
quence being that the mercury in the bulb was so much heated 
that the loss of heat by radiation was not inappreciable during 
the time of performing the experiment. 

Since then a new instrument has been obtained from Mr. 
Casella, having a much finer capillary stem with an empirical 
scale engraved on it. By means of it very good results have 
been obtained with very small quantities of substances ; in 
fact, it has been found (within certain limits) that the smaller 
the mass of the substance the better. 

At first we endeavoured to make allowance for the loss of 
heat during the experiment by constructing a curve of cooling, 
and adding to the rise obtained by dropping in the substance 
the amount that had been lost while the experiment was 
being performed, according to the curve of cooling. This 
method, however, did not yield good results. 

Our final method of operating is comparative only; that is 
to say, one metal, whose svecific heat is accurately known, is 
chosen as the standard to which all other substances are re- 
ferred, and, in order that the conditions may be the same in 
all cases, we first ascertain the rise obtained by introducing 
a given weight of mercury at a given temperature (that of 
the air), and when the instrument has cooled throw in the 
substance whose specific heat is desired. During the two 
experiments the temperature of the air is usually nearly con- 
stant; and in that case no correction for temperature is 
required. 

A second point to be noted, is to put in such a weight of 
substance as will produce about the same rise as was obtained 
with the mercury. It is thus possible to make the determi- 
nation of the relative specific heats under almost precisely the 
same circumstances, a condition which is eminently conducive 
to good results. 

In practical working with the instrument the following 
hints may prove useful :— 

1. The test-tube is always filled with water to the same 
height before being cooled, this height being that of the level 
of the copper or slightly above it. 

2. About ‘6 grm. of mercury is placed at the bottom of 
the tube, unless the substance to be experimented on is 
attacked by mercury. The object of this is to allow the solids 
that are introduced to part with their heat more freely. The 
substance comes thus into much more intimate heat-contact 
with the mercury of the thermometer than it would if it rested 

upon the glass alone. If, for instance, some pieces of sulphur 

Phil. Mag. 8. 5. Vol. 12. No. 74, Sept. 1881. O 
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are allowed to fall to the bottom of the tube, they sink partly 
into the mercury, and quickly give up their heat to it, so 
that it is more nearly the same as if the mercury had been 
heated. : 

3d. A large-sized box is employed, in which plenty of ice is 
placed, so as to completely surround the instrument. 

4, As the mercury sometimes moves very sluggishly, gentle 
tapping, not vertically, but horizontally, has been found very 
beneficial. 

We will now take an example to illustrate the method of 
working :—0°396 grm. of mercury was weighed out and 
allowed to remain for some time in contact with the bulb of a 
thermometer. Meantime the instrument was gently tapped 
and the height read. The mercury was then poured in after 
the thermometer-reading (18°6 CU.) had been taken. The 
rise obtained on the scale was 15. An experiment with iron 
was then made ; and since the specific heat of iron is about four 
times as great as that of mercury, ‘144 grm., or about ene 
fourth the weight of the mercury, was taken. The tempera- 
ture was still 18°°6 ; and the maximum rise obtained was 18; 


13° 3969 
15 14 
The following results have been obtained :— 


. specific heat of iron =:0333 x 


d ny -| p:.. | Specific heat. 
Substance. Weight. ae Rise. He-=-0383. 
{ Bereany Lee 364 | 168. | 15 
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Mercury nes: Hae cee "325 16:2 10 
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XX. On a Systematic Interruption in the Order of Numerical 
Values of Vulgar Fractions, when arranged in a Series of con- 
secutive Magnitudes. By Sir G. B. Airy, K.C.B., Astro- 
nomer Royal*. 


OMB years ago I prepared, with the aid of William Ellis, 
Hsq. (Assistant of the Royal Observatory of Green- 
wich), the numerical logarithmic values of all the Vulgar 


a Mt,” : 
Fractions —, in which m and 7 are prime to each other and 
nr 


do not exceed 100; and arranged them in a Table in order of 
magnitude of the logarithms. The number of the fractions is 
3043. On occasion of introducing this Table at a discussion 
of the Institution of Civil Engineers, which involved the de- 
termination of the number of teeth of wheels required to pro- 
duce a given proportion of angular speed, the Council of that 
Institution decided to print the Table in the Selected Papers of 
their Transactions. 

The form of the Table may be understood from the following 
specimen (taken at hazard) :— 


Vulgar fraction. Logarithm. Difference. 
a: 08190 ag 
oe 0 oR 08199 ‘Ohaus 
= pare: 08219 laos 
= tude eon: 08242 ponte 
2 ocectchertecese 08253 mare. 
oe pe Cee ‘08267 eonte 
8 sssssssesenen 08274 HG 
BB esssesseseeee 08298 


The average value of difference for the first 72 fractions is 
‘00010; for the following 116 fractions it is ‘00014; for the 
next following groups of 116 each, it is ‘00016, :00016, 
00017, ‘00018, -00019, and so on, slowly increasing till we 
come to high numbers. As representing the ordinary range 
of differences, these numbers are too large, because they include 


the effect of the special large differences, of which I have now 
to treat. 


* Communicated by the Author. 
O2 
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In ranging the eye down the columns of differences, it is 
seen at once that there are some differences much larger than 
the rest. On close examination, it is seen that they belong 
exclusively to the Vulgar Fractions whose denominators are 
small—1, 2, 3, &. I now give the vulgar fractions and the 
logarithms for several of these instances, accompanied with 
the fractions next preceding and next following, to show the 
magnitude of the differences. 
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Denominator of Vulgar Fraction = 1. 


29 99667 5 47272 5 °59770 

‘ 00436 |“, 00440 7 00436 
2 30108 3 47712 + .60206 

= 00441 109 00437 4, 00450 
99 30544 2? agi4g 7 £60656 

33 69461 pes 

: 00436 | % 00455 

5 69897 S 77815 

- 00455 | 00450 

98 «79359 7 178965 


Denominator of Vulgar Fraction = 2. 
97 = 


00216 |*- 00228. | 00230 
S609 = 39794 x 54407 
ce 00223 | - 00223 | op 00229 
Pe +17832 ‘39 “40017 57 54636 

Denominator of Vulgar Fraction = 3. 

9 ? 9 10 
re 19345 © .29038 aE °36653 
: 00147 | , 00145 
= 12494 = °22185 = °36798 
ee Ge 00149 | ,. 00151 
aq 112641 ag 122334 Ty °36949 


The order of these numbers (which have been examined 
much further) is sufficiently clear. For the critical or simple 
values of — the logarithmic differences immediately preceding 


Now 


or following these simple values are = nearly. 


ae So that the values 


00440 is nearly the logarithm of 1+ 100° 
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of the three neighbouring fractions in the first instance with 


denominator 1 are, 2x (1-35): a € + aa) in the 


> 1 
second instance, 3 x ( 1-799) 3, 3x € re ima); in the third 


i 1 1 Hy: 
instance, 4 x € =a) ,4, 4x (2 + =) ,&e. And with deno- 


minator 2, the values in the first instance are 5 Xx a= sa) ; = 

3 1 : : D 1 5 

5 x< ft apa)! in the second instance, 9 x (1- 700) 5) 
if 


Sy (1 + can &c. And so for the other denominators. And, 
between the values thus set down, there is no other value of a 
vulgar fraction whose numerator and denominator do not ex- 
ceed 100. 

Now the remarkable circumstance attending these large 
logarithmic differences is, that they all occur in the midst of 
small differences. Thus we have 


m3 +29618 
a ‘00010 
i 00010 
qq 29638 
: 00010 
= 2.9648 
ee 00009 
yy 29657 
a3 00010 

00436 
; -30103 

00441 
= 30544 

00009 
a 30553 

‘00009 
2). 530562 
a 00010 
38° 80572 
ze ‘00011 
91 +30583 
45 


and so for the others. ‘Thus it appears that, though in general 
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the most confident reliance may be placed on this Table for 
finding a vulgar fraction whose value shall very nearly corre- 
spond to a given value, yet the particular cases must be ex- 
cepted in which the given value approaches very nearly to one 

A eae iy 2 3 3.5 45 7 
of the critical fractions, =, =, &., =, 3) 5, &e.; and 
so for others. a Z — 

This is the point to which, as the leading subject of this 
paper, I wished to invite the reader’s attention. But, as 
regards the practical use of the Table, in every case (including 
all these excepted cases) the Table may be made available for 
exhibiting two vulgar fractions whose product will exhibit the 
required number with great accuracy, and that in many dif- 
ferent ways. Suppose, for instance, the number to be pro- 
duced is 2°0098, whose logarithm is 0°30315. The nearest 
logarithms in the Table are 0°30103 and 0:30544, which are 
far too wide for any accurate purpose. But (among many 
equally favourable combinations) there is no difficulty in fixing 


on the tabular numbers = whose logarithm is 0°17371, and 
a whose logarithm is 0°12944. The sum of these ae 
is 0'30315, as was required; and therefore 2:0098= X 75" 

On performing numerically the product of these vulgar 
fractions, it is found to be 2:00979. 


Instead of sum of logarithms of vulgar fractions, difference 
might be used if it were thought desirable. 


Royal Observatory, Greenwich, 
1881, August 4. 


9? &e., 2) 


XXI. Note on the Laboratory at St. John’s College, Oxford. 
By Rh. H. M. Bosanquet™. 


fea the paper on Beats recently published, the examination 
of certain simple forms of Beat was described. The 
then existing arrangements were not free from disturbing 
noises (engine, shafting, &c.); and it appeared to me to bea 
waste of time to proceed further with these investigations 
until some improvement in this respect could be effected. 

A small hydraulic engine was procured and attached to the 
main supply. The pressure available proved, however, insuffi- 
cient, as I had anticipated; and the attempt was consequently 
a failure. 

Under these circumstances I applied to the College for 
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permission to erect an additional room near the laboratory, in 
such a position that I could drive the bellows in the new room 
by a belt from the old shafting, running through the windows. 
Permission was accorded; and the new room is now in process 
of erection. When it is finished, I hope to make a more 
thorough examination of the phenomena in question in the 
direction indicated in the above paper. 

The engine originally employed proved to be defective, in 
consequence of its excessive consumption of steam. A small 
2-horse-power vertical engine has been substituted for it. 
This is amply sufficient for the work required ; and the steam 
available is more than enough. ‘The engine is now kept going 
the whole of every working day; and it is consequently always 
available for any work that may be required. 

The bellows suffered materially from the high temperature 
generally maintained in the laboratory. It has now been 
remade, and the table on which the slides work has been 

leathered. It answers well under these conditions, admitting 
of the employment of a heavy wind for mechanical purposes, 
such as it would hardly have borne in its original form. 

A few words may be not out of place on the question of 
leathering the table. This practice is never resorted to as a 
rule by English organ-builders, but always by German 
builders. English builders consider that they can plane all 
the surfaces concerned so perfectly that leathering is un- 
necessary. In actual organ-work small channels are also 
resorted to, to carry off any wind that may escape between 
the planed surfaces, However this may have answered with 
old English organs, in which a very light pressure of wind 
was employed (generally about 2 inches of water), it certainly 
fails to give satisfactory results with the heavy pressures now 
constantly used; and 1 am of opinion that the tables ought 
to be leathered much more generally than is the case. In 
such an instrument as my bellows I consider the leathering of 
the tables to be essential. 

There is another point of importance. When the bellows 
is loaded beyond a certain point (in my instrument to about 
8 inches of water), the action of the escape-valves when the 
bellows is full gives rise to vibration. li is proposed, in order 
to get rid of this, to adopt a form of escape-valve made in two 
pieces, so that a small bit at the end of the valve is lifted first, 
and then the valve itself later. In this way the sudden shock 
which causes the vibration will probably be got rid of. But 
the load of 7 inches is sufficient for all purposes at present; 
and the improvement in question will be only with a view to 
the general perfection of the instrument. 
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A few words may be said about the improvements in the 
arrangement of the bottle-notes* with which my investigations 
on beats have been conducted. It was found that the clips 
used to hold the india-rubber tubes, through which water was 
admitted to the bottles, were not sufficiently tight, and the 
arrangement of a small reservoir to each note was not conve- 
nient. The corks were also frequently defective ; and it was 
found difficult to procure them sound when of the proper size. 
A number of india-rubber corks were obtained, two inches 
in diameter ; and the bottles were fitted with these. A number 
of glass stopcocks were also obtained, such as are used in ordi- 
nary chemical apparatus. In this way the difficulty as to the 
tightness of the water-tubes was completely overcome. 

An india-rubber tube was carried from the water-supply of 
the laboratory, and slipped on to any of the glass-stopcock 
tubes into which water was to be introduced. An aspirator 
was similarly employed at first to remove water when required. 
But it was ultimately found more convenient simply to detach 
the end of the india-rubber tube from the water-supply, and let 
the end hang down over the waste. When the india-rubber tube 
is full of water, this constitutes a simple and efficient aspirator. 
By these means any of the notes can be tuned with considerable 
accuracy ; also the notes can be made to change slowly and 
continuously at any desired speed, by running the water slowly 
in or out. This is an important point in the demonstration 
of the properties of difference-tones, as some, for instance 
De Morgan, have maintained that the combination-tones only 
exist at definite points. By this arrangement the change of 
the difference-tones can be followed continuously throughout 
their whole course. The ordinary difference-tone was long 
ago demonstrated by Tyndall continuously, so that the point 
is not new; but the present method of demonstration is very 
convenient. 

The bottles do not give good notes much above the middle 
of the treble staff (about a’). For notes above this, so far as 
I have examined them, I have used ordinary organ-pipes, both 
stopped and open, as in this region little depends on the quality 
of the notes employed. But the particular phenomena I have 
hitherto worked at are most clear in the lower part of the 
scale, in which the peculiar purity of the bottle-notes is avail- 
able for the demonstrations. 

During the last severe winter the laboratory was almost 
uninhabitable, and little was done. An arrangement for 
heating by gas with ventilation proved a failure ; the moisture 
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condensed in the ventilating-tubes, and injured the machinery. 
The arrangement has been removed. 

The principal work done since that time has been the con- 
struction of two disk machines and the clock governor. One 
rather elaborate disk machine with clock governor attached is 
finished and ready for experiment. The disks are made of 
brass, and have thirty radial slots. If the machine is suc- 
cessful, it will enable determinations of tuning-forks to be 
made with great accuracy by merely striking them and looking 
at them through the revolving disk. 

A good deal of incidental work has been done, on the prin- 
ciple that it is best to provide complete and efficient apparatus 
for every point as it arises. In particular, considerable addi- 
tions have been made to the lathe, including an overhead 
motion (the existing back-motion proving insufficient for 
some purposes). 

In slotting the disks in the lathe, it was found that saws of 
the ordinary form were unsuitable for the purpose, as they 
soon choked when imbedded in the brass. This difficulty 
was overcome according to a principle suggested by Willis. 
Where choking takes place, the number of cutting-teeth is to 
be reduced. A small steel circular saw was therefore con- 
structed with four teeth only on the circumference; by means 
of this the disks were slotted on the lathe without difficulty. 
A new tool, however, has been recently invented in Oxford, 
which promises to overcome this difficulty by the application 
of more power to the ordinary saw. It will also extend greatly 
the applicability to all forms of circular cutter, whose use has 
hitherto been limited by the same difficulty. 

The first disk machine constructed consisted simply of a 
solid foundation carrying the spindle on which the disk re- ~ 
volved. with a small driving-pulley, and a counting-arrange- 
ment. It was driven by a fine string which passed round the 
driving-pulley and a large pulley on the shafting over head. 
The string slipped without much friction on the driving-pulley. 
So long, then, as the speed of the shafting was greater than that 
corresponding to the required speed of the disk, the disk could 
readily be kept to any exact speed by the application of any 
simple form of break. I think this arrangement very pro- 
mising ; but, from various circumstances, it did not seem to be 
exactly what I was immediately in want of, and I proceeded 
to construct the second machine, which is of a more elaborate 
character. 

The driving part of the second machine is worked by an 
endless rope and a weight. The rope passes also through an 
independent machine by which the winding-up is eftected 
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either by the engine or by hand. In this way a power is 
secured which is independent of the variations of the ultimate 
source of power. ‘The arrangement by which the endless rope 
drives and is wound up are identical, and deserve a moment’s 
attention. 

This arrangement is founded on a combination attributed to 
Sir C. Wren, described in Willis’s ‘ Principles of Mechanism.’ 
The description, however, is either incomplete or inaccurate; 
and I had to try some models before I arrived at the form I 
have adopted. 

The arrangement of Wren is figured at p. 431 of Willis. 
It consists of two parallel cylinders, in each of which four 
circular grooves are cut. The rope is passed round the cylin- 
ders as if it were wound on the two together from outside, 
being in contact with half a circumference at each point of 
contact, and thence passing to the other cylinder. I have 
found the peculiarities on entering and leaving the system 
best avoided. In Willis’s description the machine is supposed 
to be applied to winding up a weight, and the force is shown 
as if applied by a handle to one of the cylinders only. I made 
a model, and found that it would not do, as I suspected ; for 
there are only three half turns of the rope on the cylinder to 
which the power is applied, and that is not enough to secure 
adhesion. The second cylinder, with its three or four more 
half turns, contributes nothing to the application of power. 
But it seemed to me that if both cylinders were driven by an 
intermediate toothed wheel, so that they were rigidly con- 
nected, the end required would be attained, as there would 
be then six half turns of the rope, equivalent to three whole 
turns, in contact with the power, and this would be enough 
to secure adhesion. And this in fact turned out to be so. I 
had the cylinders cast with the grooves upon them, and then 
bored them out in the lathe true to the grooves, so as to avoid 
removing the rough skin of the cast metal in the grooves. 
This gives the rope ample hold; and the arrangement works 
satisfactorily. A separate rope-ratchet is employed in the 
winding arrangement, which prevents the cylinders from 
letting the weight down, and works noiselessly. 

The pair of driving-barrels drives a train of which the lowest 
wheels are cast iron and the upper gun-metal. The mode in 
which the power is transmitted to the disk-spindle is peculiar. 
A screw of half-inch pitch was cut in the lathe on the half-inch 
steel spindle; this is driven by a gun-metal wheel about 3 inches 
in diameter, on which 18 teeth are cut ; and the action between 
these teeth and the screw presents some curious points. The 
only model I could find for such an action is that of musical 
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boxes, whose fly-wheels are driven by an arrangement of this 
kind. In these the teeth of the driving-wheels are cut quite 
roughly ; they are mere slits, and are cut straight, not to the 
angle of the screw. I first cut the required teeth in the shape 
of square slots, cut to the angle of the screw, but not rounded 
or finished in any way. The wheel so cut drove the disk 
beautifully. Ithen gave some further cuts to the sharp edges, 
and rounded them off so as to fit the surface of the screw rather 
neatly. The wheel then refused to drive the disk at all. It 
appeared as if the greater surface in contact increased the 
friction so as to stop the action. Hventually I cut away the 
greater part of the rounded edges of the teeth again, and the 
wheel now drives the disk quite well. I believe that straight 
square slots, in which the surface in contact would be reduced 
to a minimum, would be the best form of tooth for this purpose. 

The differential-velocity machine, which forms the essential 
part of the clock governor, has been constructed according to 
the description given in my original paper. No points calling 
for mention arose in connexion with it. 

A number of electro-pneumatic levers have been supplied 
by Messrs. Bryceson, for the purposes indicated in my original 
paper. Connected with the bellows, having wind of a pressure 
equivalent to 7 inches of water, each lever lifts easily a 2-lb. 
weight through nearly an inch, on passing a current through 
its circuit. A pair of these levers is applied to drive one side 
of the differential-velocity governor from the clock, while the 
other side of the governor is driven by the disk-machine. 

When this was all ready, and the electric connexions were 
tried, it appeared that there was something wrong with the 
circuits, which consist of two underground cables connecting 
my rooms with the laboratory. As much with a view to 
general convenience as for this particular examination, I took 
the opportunity of forming a sufficient set of resistance-coils 
and other testing-apparatus. ‘The resistance-coils were copied 
from standards in my possession. One of the cables proved 
to have been cut across, forming a fault with an earth-con- 
nexion. The Leclanché battery, which had always given 
trouble, proved also insufficient for maintaining the requisite 
power for any length of time. A suitable battery has not yet 
been obtained ; but that will not present any difficulty. A 
clock with wooden seconds’ pendulum has been prepared for 
occasional use in the laboratory itself, that we may not be 
interrupted by any further failure of the circuits. But it is 
judged best to keep the standard clock in my rooms, where it 
is unaffected by the variations of temperature that occur in 
the laboratory. Some preparation has been made for other 
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work; but I confine myself here to what has been actually 
done. Jiis hoped that the difficulties are now for the most 
part overcome, and that the attainment of further results is 
not far distant. 


XXIT. Remarks on Dr. Mills’s Researches on Thermometry.— 
No. Il. Sy T. E. Toorrn, PAD. FBS. ond Se 
Rucker, 1/.A.* 


N a criticism on Dr. Mills’s Researches on Thermometry, 
published in the July number of the Philosophical Maga- 
zine, we stated that we believed that he had committed an 
error which “ upsets all the inferences drawn by him from his 
formule ’’ relating to the movement of the zero of a mercu- 
rial thermometer with changes of temperature. In his reply, 
Dr. Mills informs us that he has “so far failed to follow’”’ the 
section of our paper in which this remark occurs, “ that he is 
unable to discuss it.”’ It is evident that the question at issue 
between us cannot thus be left unsetiled. We purpose there- 
fore briefly to notice some of the points on which Dr. Mills 
has replied to us, and to attempt to make still clearer those 
which he disregarded as unintelligible. 

Exposure Correction—Dr. Mills is wrong in thinking that 
we questioned the accuracy of his statement that the ‘‘ correc- 
tion-factors ’’ for his thermometers were the same at certain 
temperatures named by him. What we stated (Phil. Mag. 
July 1881, p. 12) was, that his method of presenting his results 
“tends to "exaggerate the importance of the variation of the 
corrections.””. To this we adhere—and the more strongly, 
inasmuch as Dr. Mills’s immediately succeeding remarks 
afford an example of the confusion introduced into the discus- 
sion of the subject by his habit of dealing, not with the quan- 
tities which it was his object to determine (e. g. corrections, 
positions of the ice-point), but with subsidiary quantities (cor- 
rection-factors, total remaining ascents), by which they are 
only indirectly measured. 

We stated that, in our opinion, Dr. Mills’s experiments 
prove that the a exposure corrections [expressed by y= 
(a+PBN)(T—t)N] below 100° C. are in the case of three out 
of four similar thermometers practically identical ;’”” and we 
supported our view by an example calculated for 100° C. 
Dr. Mills retorts that our inference is clearly wrong, because 
at lower temperatures the differences of the correction-factors 


(i. e. of a+@N) are greater than at 100°. This we fully 
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admit; but, on the other hand, at the lower temperatures both 
N and T—¢ must be less than at 100°. They, too, are factors 
of the correction; and if their variations are taken into.account, 
our statements that the example worked out by us was favour- 
able to Dr. Mills’s views, and that the corrections for three of 
the thermometers were practically identical below 100°, are 
strictly correct. Let us investigate this point a little more 
fully. 

the corrections may be considered as practically identical 
if, in the case of any thermometer, we may substitute for the 
correction peculiar to it the mean of the corrections obtained 
from all the thermometers. | 

For the thermometers referred to by us (2, 3, and 6) the 
expression for the mean correction is 


y=(-00013591 + -000000051152N)N(T—2). 


Subtracting this from the correction for thermometer 2, we 
get the difference 


§ = (-00000557 — -000000013272N)N(T—2). 


If N varies, the maximum value of this expression occurs when 
N = 210 scale-divisions (each of which on Dr. Mills’s thermo- 
meters was a millimetre in length, and corresponded approxi- 
mately to 0°25 C.). Making the same liberal assumption as in 
our last communication, that T—t= 100, we obtain, if we write 
A for the maximum difference from the mean correction, 
A=0-06 division. 

For thermometer 3 we get (neglecting signs) A= 0°07 div. 
when N = 335 div. In the case of thermometer 6 the two 
curves intersect below 400 div. The correction-difference is a 
maximum and = 0°01 div. when N=111 diy., is zero when N= 
222 div., andis =0°05 div. when N=400div. The largest of 
the above values of A isa little above the error of reading; and 
we may for a moment digress to say that we do not think 
there is any difference of opinion between ourselves and Dr. 
Mills as to the value of this quantity. We said it is “impos- 
sible to read with certainty to less than a tenth”’ of a milli- 
metre. Dr. Mills can read “ fairly ”’ (i. e. not with certainty) 
to a twentieth. We have frequently had occasion to read the 
same thermometer independently. We invariably agree to 
O°:01 (2. e. on our thermometers to a tenth of a millimetre), 
thus showing that the error of reading is +-0°05 millim. 

To return, however, to our argument. If, instead of taking 
the three thermometers with respect to which our statement 
was made, we take all four, we find for thermometer 4 (that 
previously excluded) A = 0:23 div. when N = 400 diy. For 
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thermometer 2, A=0'11 when N=273. In the case of ther= 
mometer 8, A=0:01 when N=156; 6 vanishes when N=812, 
and is 0°01 when N = 400. Finally, in the case of thermo- 
meter 6, the largest value of 6 is 0°13, which occurs when 
N=400. 

Of these quantities, the value of A for thermometer 4 is 
considerably in excess of the error of reading. It is not in 
this case, however, a question of the error of reading only. 
An experiment conducted with an exposed scale is in that 
respect conducted under unfavourable circumstances ; and the 
other errors thus introduced are far more important. ‘This 
can readily be shown from Dr. Mills’s own paper. 

He says (Trans. Roy. Soc. Hdinb. 1880, p. 570) that there 
appeared to be in the experiments some source of variation 
which [ could not detect.” Thus the value of the correction- 
factor varied between 0:000113 and 0:000164 in the first of 
the three series of observations of which details are given, 
between 0°000136 and 0:000165 in the second, and between 
0:000140 and 0:000166 in the third. On the other hand, the 
mean correction-factor for all the thermometers, and that 
for thermometer 4, both calculated for N =400 div. (for which 
in this case 6 hasits largest value), are 0:000155 and 0:000149 
respectively. The difference between these numbers is evi- 
dently well within the above limits of error, and is in fact 
exactly equal to the probable error of a single determination 
as calculated by Prof. Mills. 

On the whole, then, we are disposed to extend rather than to 
withdraw our previous statement, and to say that Dr. Mills’s 
experiments go far to prove that the exposure correction below 
100° C. is practically the same for all similar thermometers. 
Nor is this a matter of slight importance. Dr, Mills’s inves- 
tigation of the exposure correction of one of his thermometers 
involved 2160 readings. Had his conclusion that “ each ther- 
mometer is proved to have its own independent equation for 
exposure correction’ been correct in the sense that the differ- 
ences were important, every observer working with exposed 
thermometers, who wished to attain the highest possible 
degree of accuracy, would in like manner have been compelled 
to make hundreds or even thousands of observations on each 
instrument. He would have had either to repeat Dr. Mills’s 
research, or to undertake some not less difficult and laborious 
comparison with a standard for which the correction was 
known. Dr. Mills cannot, therefore, be surprised if, before 
consenting to accept such a yoke, we closely examine the 
grounds upon which it is imposed. We believe that he has 
rendered a greater service to his fellow-workers than he him- 
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self supposed—that he has removed, instead of imposing a 
burden. If he had bestowed some of the attention he has de- 
voted to the variations of the correction-factor on those of the 
correction itself, he would not have left it for us to point out 
that the latter are negligible. As it is, the error introduced 
by taking the mean correction for similar thermometers instead 
of that for the thermometer actually employed, never exceeded 
the probable error of an observation ; and the chances appear 
to be three to one that, with a given thermometer, under the 
most unfavourable circumstances of exposure and temperature- 
difference, it cannot exceed half that amount. 

Passing on to the next point noticed by Dr. Mills, he is 
mistaken in thinking that, by a confusion between the correc- 
tion-factor and the correction, we have attributed to him the 
statement that it is possible “for the correction for a thermo- 
meter with an exposed column 166 divisions long to be equal 
to that of another when no part of the column is exposed.” 
As a matter of fact his paper does, owing to a misprint, impli- 
eitly contain this statement; and the passage to which he refers 
is a reductio ad absurdwm to show that a misprint must exist. 

Zero-movements.—On the question of nomenclature we 
have little to add. We agree that words are sometimes used 
in other than their usual significations in “ physical writings.” 
In such cases, however, good reasons for departure from ordi- 
nary usage are generally forthcoming, and the word is defined 
on its first introduction in its new sense. 

We now come to the point which Dr. Mills fails to under- 
stand ; and in our further remarks upon it we will confine our- 
selves to the case of Henrici’s thermometer. 

Unfortunately, we cannot discuss the question ‘ mathema- 
tical formulee apart,’’ as Dr. Mills seems to wish. The whole 
point turns upon the deductions drawn by Dr. Mills from 
his mathematical formule, which cannot, therefore, be dis- 
pensed with. 

The ‘‘total remaining ascent’ of Henrici’s thermometer is 


expressed by Dr. Mills by the equation 
yA INOCIaT)? O99 -3b0)\ so a 4 CL) 


We concluded that the position of zero (Z) is connected with 
y by the relation } 
Z—-—? a pes ea oe a ek (2) 


a conclusion supported by the fact that this equation holds for 
all the five values of y and of the “zero observed,” given in 
Table VII. But if this is so, since y has no maximum or 
minimum value, Z cannot have one either. The motion of the 
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zero is thus given by the formula as unchangeable in direction. 
It is not reversed when y=0; and the evidence, if of any value 
outside the range of the experiments, is directly opposed to 
the theory of the three movements of the zero of a thermo- 
meter. 

To make the matter clearer, we reproduce Dr. Mills’s table 
with three additional rows, which are separated from the rest 
by a line, and with some additions to the headings of the 
columns. 


f Zero observed. y y calculated from 
Ze =2+2Z. formula (1). 
0 0-00 2:00 —- 
1 —0:10 1-90 1:92 
3 —0°25 1-75 1-73 
4 —0°-40 1:60 161 
5 —0:60 1-40 1°45 
9 Oa Tes Ny ato 0-19 
9°35 — 2:00 toe ee | 0:00 
10 —2-41 i dea eae ts | —0-41 


The last three numbers in the second column are calculated 
from the formula y=2+2Z. The Table shows that the zero 
continues to descend though y becomes negative. The same 
considerations may, mutatis mutandis, be applied to Dr. Mills’s 
own thermometers. The only one for which there isa critical 
value is thermometer 3; and that corresponds to-a negative 
value of z. There is, we believe, no flaw in this argument, 
and it certainly is not abstruse ; but, in view of the ambiguity 
of the term “total remaining ascent,’ we assumed, when 
writing before, that Dr. Mills might be able to explain the 
difficulty. We therefore reminded him of certain canons for 
the use of empirical formule, which, if his conclusions were 
not invalidated by the previous objection, were applicable to 
the case under discussion. His admission that these were not 
novel does not explain his disregard of them. 

In concluding his reply to our paper, Dr. Mills seeks to 
reduce our criticisms to ‘an obvious misprint, a slip in arith- 
metic, a question of mere nomenclature, and the like.” 

The misprint was only incidentally noticed in a discussion as 
to whether his method of exposition did not exaggerate the 
importance of the variations of the exposure correction—a dis- 
cussion which, as we have seen, involves the whole scope and 
meaning of this portion of his work. 

The slip in arithmetic occurred in the formula which, 
though Dr. Mills has never employed it himself, is the first to 
which any one desirous to make use of his results would turn. 
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The question of nomenclature was avowedly introduced to 
show that Dr. Mills had involved the subject in some obscu- 
rity, and that therefore, if we had misunderstood him in the 
more important matter to follow, we must ask for indulgence. 

The remainder of our paper was occupied with a discussion 
as to the accuracy of his deductions from his equations. He 
himself says (loc. cit. p. 574) it is important to illustrate these; 
and he can therefore hardly stigmatize as triviality the ques- 
tion as to whether the illustrations are correct. 


XXIII. Inverse Problem of Criticoids. By Sir James Cocke, 
M.A., FRS., PRAS., FCPS. Mem. Lond. Math. Soc., 
Corr. Mem. Lit. and Phil. Soc. Manchester, Hon. Mem. 
Roy. Soc. New South Wales, late Pres. Queensland Phil. Soc.* 


1. FTN a “Supplement on Binomial Biordinals,’’ recently 


printed in the ‘ Proceedings of the London Mathema- 
tical Society’ (vol. xiii. pp. 63-72), I have, in certain cases, 
linked a binomial of the second with one of the third order 
wherein the symbolical factors of both numerator and denomi- 
nator are in arithmetical progression. The theory of criticoids 
expounded in these pages sheds a light upon this result and 
gives a foreshadowing of others. 
2. All binomial terordinals may be included in 
Gy , datea Py sp a ay here 
dai" 2 14a" da? Pita de’ # 1407 
3. For brevity I put 
1+.2", atea =X, ay, 
f+ge", h+ka" =a, as, 
and denote differentiations by accents, thus, and by a multi- 
plication, changing the terordinal into 
XavPy!” + 8a,27y"" + 8agxy! + agy =0. 
4, Take the criticoid, viz. deprive the equation of its second 


term by assuming a new dependent variable z, =y2” “XC a; and 
Bride by the leading coefficient. We thus get 


2!’ + 382! + te’ =0, 
wherein s and ¢ are defined by 
X?x’s=L+ Ma" + Na, 
X3x7¢= P+ Qa" + Ra + S23. 


* Communicated by the Author. 
Phil. Mag. 8. 5. Vol. 12. No. 74, Sept. 1881. i 
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5. The form of the quadricriticoid s does not vary with the 
order of the equation. Consequently the formule which I 
gave in this Journal for February 197 5* enable us to write 
down at once 

L=f—a' +a, 
M=/+g9—2ae+(n+1)a—(n—l)e, 
N=g—é+e; 

and the interchanges (a, ¢), (f,g), and (mn, —n) reverse the 
order L, M, N. 

6. The last coefficient ¢t, which | call the cubicriticoid (Phil. 

Mag. for March 1870), is 


pias Mealy ech eae 
WX ° aX? ve (x) -(4 
where, in differentiating, it should be noticed that 


a  €, a-e 
aX a aX 
7. We obtain on development, 
P=h—3af+ 2a’ —2a, 
Q=2h+k—3(ag+eft+af) + ba’e 
+(n+1)(n—4)a—(n—1)(n—2)e, 
R=h+2k—3(ag + ef +eq) + 6ae? 
—(n+1)(n+2)a+(n—1)(n+A4)e, 
S=k—38eq + 2e —2e, 
where the Me Gs (a5). (iO) Gh k), and (n, —n) 
reverse the order P, Q, R, 8 
8. Hence, writing 
a—e=%, 
L—M+N=2, 
P—Q+R—S=2B, 
3(P+8)—(Q+R)=6C, 


we find the following relations :— 


b=—y7(n+n), 
B=(q—2)n(n +2) = —(n—n)b, 
C=b+(N—L)n. 


oko paper of February 1875 has a sequel in the Number for May 
1880. 
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9. This last is obtained from 

C=(a+e)?—4ae(ate)+(g—ft+n)n 
=(a7—e’+g—f+n)n 
by eliminating g—/ and introducing 0. 
10. These relations give rise to the system 
B=i(8n4+/n?—4b)b, « « «ee QA) 
C+d=—i(N-L)(nt+V/nr?—4d), . . (2) 
=—E(n+/n?=4b), . . « « « (8) 
wherein the radical is to be taken with the same sign 
throughout. 

11. Thus far the process is direct. Now invert the problem 
and suppose that we have given us the equation in z, and that 
we are asked whether it can be made to take a binomial form. 
The answer is this. When (1) and (2) are identically satisfied 
it can be made to take sucha form. And since (3) only de- 
termines a—e, we may give any value we please to one of the 
quantities a, e, and we shall nevertheless have four disposable 
quantities, 7, g, h, and k, wherewith to satisfy the four out- 
standing equations which, apart from (1), (2), and (8), have 
still to be satisfied. 


12. Proceeding thus we shall be led to a symbolical teror- 
dinal which I write 


f(D)z+2"F(D)z=0, 


f(D) =[D]-£3e[D}?+3/D +1, 
F(D) =[D]?+3e[D]?+ 39D +4, 
and F'(D) is obtained from /(D) by the change of a, 7, h, into 
é, g, k respectively. 
13. Now let 
h=3(a—1)f—a(a—1)(2a—1), . . . (iv) 
k=8(e—1)g—e(e—1)(2e—1); . . . O(Y) 


then 

fD)=(D+a—1) {D? + 2(a—1)D + 8f—a(2a—1)}, 

F(D)=(D+e—1) {D?+2(¢e—1)D + 39—e(2e—1)}, 
and the factors of both f(D) and F(D) are in arithmetical 
progression ; and the transfer of «” from the left to the right 
does not affect this property. 

14, But (iv) and (v) are respectively equivalent to 
Hea laren verges ys wy (4) 


Sao Nat La er co) 
P2 


wherein 
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Consequently when (1), (2), (4), and (5) are satisfied identi- 
cally, and 7 is determined from (3), and_j, g, h, and & from the 
outstanding equations, the factors are in arithmetical pro- 


gression. 
15. Let n=3, then 


X8e°s'= —2L4+(M—8L)a*+(4N—5M)a*—2Na’; 
and if the terordinal in z is of the form 
2" + 3sz’ +38'2z=0, 
the conditions (4) and (5) are satisfied identically. Moreover 


2B=9b identically; and if b=, (1) is satisfied identically, as 
is (2). But this last terordinal can, if 44=9 be linked with 


IT 3 
2’ +735z=0, 
a biordinal (compare Proc. L. M.S. vol. xiii. p. 65, art. 41, 


p- 67, art. 47, p. 68, art. 52, and p. 70, art. 61). 
16. Next, if we start from | 
y+ 8sy=0, 
we can derive from it 
yl!" + Bdy” + 3sy' + (88 + 9As)y =0, 
whence, taking the criticoid, 
2 + 3(s—N—D’) 2 + (85! + 6As + 217 —Xd”)z=0. 
17. Write this in the form 7 
a" 4 B892/ + to2=0, 
and define A by 
IXGA=A+ Ha’; 
we get 
Xx? 2" 83 = Lg + Mpa? + Np 2°, 
Xe xt, = 1% + Qov* + R, 2° + Son"; 
and we now deal with the suffixed quantities (s9, Lig,» ) as 
we did with those unsuffixed (s, L,..), but ultimately ex- 


pressing the suffixed in terms of the unsuffixed quantities. 
Thus we take the system (n=3), 


Bo ='3(9 #4945, )b;, (i -s0 4 i a 
Cy +bo= —3(No—Ly)(B+V/9—4b2), « « -(2)o 
N= —E(B+/9—Abs). » 6 we ee (Bp 
18. Developing, we find 
L,=L—A’*+A, 
M,=M—2AE+4A—29, 
N,=N—E’+HE; 
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and, introducing for convenience two new quantities defined 


by 
A+H, A—EH=QO, a, 


we get 
b,=b—w(@ i 3). 


19. Again, we have 
P,=6(A—1)L+2A°—2A, 
Q,.=6(A°7H + AM+ HL) +3M—24L—4A—2E, 
R,=6(AH?+ AN + EM)—15M+12N—20A +148, 
S,=6(H—1)N+2H*—2H. 

20. Hence we find 
B,=(@+3) fo(w—3) +30}, 
C,=b(Q—2)—(20+ 3)(N —L) + @(@Q +3) 

and, consequently, 

C,+b,=(b+@?)(QA—1)—(20+3)(N—L). 

21. The equations corresponding to (4) and (5) are 
(2A—1){A(A—1)+3L}=0, . . . (4), 
(2H—1){H(H—1)+38N$=0, . . . (5), 

which give rise to four sets of relations. 

22. First, take the set 

A(A—1)+3L=0, H(H—1)+38N=0; 
we deduce from it. 
SNe) Sola Dr a eG | (6) 
8(N + L)==—$(0? +07)4+0; 2. 2. 2. @ 
and the penultimate combined with the last equation of art. 20 
gives 
One (32 +o—3) Oia). 
23, Again, 
N,—L,=N—L+o(Q—1)=4(N—L); 
so that the equation (2), becomes, after reduction and substi- 


tution, 
wo(a+3)+3b+ Qa/9—4b + 4o(w+3)=0. 


24. Write (1), in the form 
B.—3b,=4b2/9 —Abg, 
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which reduces to 
(2@ +3) {o(@+3) +30} =b/9—4b; 


then, since 
(2m +3) =40(o+3)4+9, 


if we introduce an auxiliary W, such that 
W=o(+3), 
the above equivalent for (1). can be put under the form 
(W +3b)\/4W +9=(6—W)/9—46+4W; 
while the last equation of art. 23 becomes 
W +3b=—2a/9—4) +4W, 


if we transpose. Hence, by division, 


JEW40(=20+3)=—"—™, 


or, substituting for W and reducing, 
30(@+1)=—), 


whence 
o=}(—1+,/1—9)). 
25. But, squaring the equivalent for (1)., 
(W +30)?(4W +9)=(0—W)(9—46+4W), 


whence 
(3W +6+3)’=9—128, 
and ° 


b pbs 
W=o(0+3)=—1l— 3 t/1—$6. 
26. Solving this quadratic in a, 


| o=(-14 VI=@D), 
or 
A —3(5+ /1—4b); 


of which solutions the latter is irrelevant, because it does not 
solve the equivalent of (2),. But the former satisfies both (1), 
and (2)p. 
27. Recurring to art. 22, and writing (7) in the form 
6(N + L)=1—(Q—1)?—o’, 
and eliminating &—1 between (6) and (7), we find 


1-6(N+L)=(5) (W-Ly'40% . (8) 
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whence > ie | 
VI-12L= 2 (N-L) +s, 


VI=DN=*(N-L)-a; 


and we can give (8) the form 
J1—12L— V1—12N=20= —1+4+/1—4b 
28. We need not rationalize this equation, which indeed 


is, practically, rational. For, if we take the criticoid of the 
biordinal 


(D—£6,)(D—6,)u+(D—«,)(D—a,)a°u=0, 
we get a result of the form 
(1 +2?) x?o"’ + (0+ ma? +na*)v=0; 
where, taking 
a — 02, oy +a2—B,—B2, Bi—B,=d, U, I, 
we have 
(4l=1—P, 4m=(U—2)?-(24+ +d), 4n=1-—J?. 


29. In the last biordinal change the independent variable 
from 2” to ¢?; then write win place of ¢ and take the criticoid. 
We get a result of the form 


(1+ 0° )a2y! + (A+ pa? + v0")\y=03 
and this, compared with the biordinal of art. 16, gives 
ASO p= OM y= SN, 
30, But 
A=21l—F;, p=2m—3, v=fn—Fy, 
relations which yield 
A—ptv=2(l—m+n), A—v=2(l—n). 
31, Consequently 
12L=40A=91—$ =1—27 ; 


te) 
12N=1—2J?’, 
and 
b=L—-M+N=4(—p4+7)=3(l—m+n). 
32. Hence 
1—12L=2P, 1—12N=3J’, 
and 


1—46=1—(l—m+n)=(U—2)’+4, 
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33. It follows that the relation of art. 27 may be represented 

by some case of 
+38(T+J)+(U—2)+2=0; 

and when this single condition is fulfilled, the biordinal can 
be linked with a terordinal whereof the factors in both nume- 
rator and denominator are in arithmetical progression., The 
values of the arbitrary or indeterminate quantities A and H 
will, of course, have to be properly assigned. 

34. Returning to art. 21, we get a second and a third set 
of relations, viz. 


and 


and in either case we have 
(Q—1)? =o’. 

35, Taking the second set (H=4), we see that O—1=a, 
and that (5). leaves N free. But it would seem that the four 
conditions cannct be fulfilled unless L, M, N be connected by 
at least two relations. This last remark applies also to the 
third set (A=4), wherein Q—1=—a, and (4), leaves L free. 

36. In the fourth set (A, H=4) we have both L and N left 
free and O—1,@=0. And if we take the radicals positively, 
(1), and (2), are each satisfied by 2=0 or by U=—2. Thus, 
bearing in mind Boole’s transformations, we may say that 
when U is an even integer, the biordinal can be linked witha 
terordinal of the form described in art. 33. This last result 
is confirmed by, and confirms, another process by which I have 
arrived at it, and (compare Proc. L. M.S. vol. xii. pp. 67-68), 
combined with what is otherwise known, leads to the conclu- 
sion that when, of the three expressions I, U, J, one is4(i+4), 
2 being an integer, and the remaining two are unevenly even 
integers, then the biordinal is finitely soluble. 


2 Sandringham Gardens, Ealing, 
July 25, 1881. 


XXIV. Note on the Index of Refraction of Hbonite. 
By W. H. Ayrton and JoHN PERRY*. 


sie a note communicated to the Royal Society (printed in 
‘Nature,’ No. 596, vol. xxiii. March 31, 1881), we described 
how, by using a selenium cell, lent us by Mr. Bidwell, and a 


* Communicated by the Physical Society, having been read at the 
Meeting on June 25, 1881. 
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pair of delicate Bell’s telephones, we had succeeded in showing, 
1st, that there was refraction when intermittent radiation from 
the oxyhydrogen light passed through an ebonite prism; and, 
2ndly, that the index of refraction of that ebonite was approxi- 
mately 1:7. 

‘Exceedingly great care had to be taken, in consequence of 
the feebleness of the sounds given out by the telephones; and, 
from the nature of the experiment, we obtained the index of 
refraction for that narrow band of rays which experienced least 
absorption. 

Shortly after these results were published, Prof, Fitzgerald, 
of Dublin, suggested, in conversation, the possibility of check- 
ing them by measuring the polarizing angle of light reflected 
from ebonite, on the assumption that the refracted ray is at 
right angles to the reflected one when giving maximum pola- 
rization. Subsequently Dr. Jellett was so kind as to make 
these experiments, the results of which Prof. Fitzgerald per- 
mits us to quote. The mean index of refraction for ebonite 
thus obtained, on Fresnel’s theory, was 1611. 

Later on we repeated our selenium experiments, replacing 
the intermittent oxyhydrogen light with an intermittent elec- 
tric light, and increasing the electromotive force in the sele- 
nium telephone-circuit to about 60 volts. A confirmation of 
our former result was obtained; but, although we were able to 
take greater precautions to ensure accuracy, we obtained no 
more than a confirmation; and from the difficulty of hearing 
the weak sounds in the telephones, we felt that the index of 
refraction thus measured might be as much as 1°8 or as small 
as 1°6, 

In the course of these experiments, however, it was noticed 
that visible red rays were certainly refracted; and consequently 
we proceeded to make measurements according to ordinary 
optical methods, using the apparatus shown in the figure. 
L (fig. 1) is a fairly powerful electric light produced by a 
Gramme machine; C is a glass lens giving a parallel beam of 
light, part of which passes through the slit, 8, s45 inch wide, 
and falls on the edge of the ebonite prism P. IF is a frame 
holding tissue-paper, which can be moved about P as centre, 
and which carries an index, I, pointing to the graduations on 
the circle, as seen in fig. 2. There was a fine vertical line in 
the middle of the tissue-paper; and HG, forming about one third 
of the paper, was well blackened. First this screen was 
moved into such a position that the edge of the prism threw a 
black shadow which was bounded by the fine central line, and 
between that line and the blackened portion H G was a thin 
band of white light. In fact a narrow beam from the slit fell 
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on the edge of the prism; and half was stopped by the prism, 
the other half going on. The index-reading in this position was 
taken; and now the screen was moved round until a red spec- 
trum was seen. Atthe least-refrangible end this spectrum termi- 
nated nearly abruptly, as the ordinary visible spectrum usually 
does ; and this end was made to coincide with the central line 
in the screen, and the index-reading taken when, after moving 
the prism itself, it was supposed that we had minimum devia- 
tion. The index-reading was also taken in the same way for 
the most-refrangible end of the visible spectrum ; but as this 
did not die away at all abruptly, and as the whole spectrum 
was very faint, the second set of measurements merely gives 
a rough idea of the amount of spectrum that was visible. The 
mean of a number of observations made by different observers, 
and the results of which were closely in accord, gave 1°66 as 
the index of refraction for the well-defined least-refrangible 
end, and 1:9 as the average result for the badly-defined most- 
refrangible end. : 

As the slit in the metal diaphragm used with the selenium 
experiments had to be much wider than that employed with the 
simple light-experiments, we cannot of course tell what exact 
part of the spectrum produced the sound: probably it was at 
about the least-refrangible end of the visible spectrum; but it 
may have been the dark rays just beyond. 

Summing up the results of the various experiments, we have 
for the index of refraction of certain specimens of ebonite:— 


Kbonite prism, selenium, andtelephones . . about 1‘7 

Measurement of polarizing angle by reflection ,, 1°611 

Least refracted end of visible spectrum produced by 166 
ebonite lens having an angle of 28°5 . about 
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In a paper by Captain Abney and Colonel Festing, recently 
read before the Physical Society and printed in the Philoso- 
phical Magazine for June, on the Transmission of Radiation 
through Hbonite, reference is made to our original experi- 
ments; and the authors say that, judging from the figure 
accompanying our Note, they should think that the thickness 
of the ebonite prism traversed by the intermittent beam must 
have been about one fourth ofaninch. Weare afraid that that 
figure is liable to give this misconception; in drawing it we 
were merely paying attention to the directions of the incident 
and refracted beam, and not to the actual thickness of the 
ebonite, which was in fact very small indeed where the inter- 
mittent beam passed through it. 


XXV. On Instruments for Measuring and Recording Earth- 
quake-Motions. By THomas Gray, B.Sc, F.R.SE,* 


[Plate III.] 


I. Rolling-Sphere Seismograph. 


FANHE instrument which I have called a rolling-sphere seis- 

mograph will be readily understood from the accompa- 
nying sectional drawing (fig.1). A sphere of lead, iron, or any 
other heavy substance rests on a flat plate, B, made truly plane 
and furnished with three levelling-screws, L. Anarm, A, fixed 
to the base, B, is so formed that a circular ring fixed to its end 
is held in a horizontal position with its centre vertically above 
the highest point of the sphere. This ring carries a species of 
spring universal joint, consisting of four very light bent springs, 
j,arranged at right angles to one another and meeting in a small 
round disk, b, at the centre. The lower end of the lever, J, 
passes through this ring 0, and is fixed to it at such a point 
that its lower end, which is rounded, just fits a small hole in 
the top of the sphere 8. Between 8 and 0 a small sphere, s, 
is fixed to the lever /, and is so proportioned that the lever J, 
when pushed at 0, tends to rotate around a point a little above 
its lower end, thus diminishing the push on the sphere 8. 
The springs 7 serve to allow the lever / to turn in any direc- 
tion, and are made so light that they can only make the ball 
rollwith avery long period. When thus proportioned they serve 
the purpose of a universal joint, and at the same time give a 
little stability to the parts, thus preventing the plate P, 
if it be put in motion, from causing the ball to roll over. 
The lever 7 is a rod of bamboo which is at the same time 


* Communicated by the Author. 
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very light and rigid; at the upper end the rod is flattened and 
hinged just above the bend by a piece of tough Japanese paper 
glued to its upper side. This gives a very light, flexible, and 
sufficiently strong hinge. The plate P may be in a plane 
which, by proper starting-apparatus, will be set in motion at 
the beginning of an earthquake, or it may be taken as part of 
a roller or of a circular plate kept continuously in motion by 
proper mechanism. 

This instrument possesses the advantage of being compact, 
of writing the actual motion, and of being capable of recording 
with approximate accuracy earthquakes of much greater mag- 
nitude than can be recorded by most of the instruments in 
ordinary use. 

The multiplication given by an instrument of the sort may 
be determined experimentally ; or it may be approximately 
calculated by taking a point O ata height equal to seven fifths 
of the radius of the large sphere 8 as nearly steady. In a 
locality where the motion of the ground is considerable, the 
lever / must of course be made to give little, or perhaps no 
multiplication. 

In several instruments of this class which have been con- 
structed for the observation of earthquakes in Japan, a seg- 
ment only of the sphere 8 has been used, with an independent 
mass placed on a pivot at the centre of oscillation (arranged 
in this case to be above the centre of the sphere), and of such 
magnitude as to make the equilibrium nearly neutral. This 
method of construction allows the radius of the sphere to be 
much increased ; but it introduces a difficulty of adjustment, 
a complication of parts, and generally a slight want of sym- 
metry, which causes a little uncertainty in the interpretation 
of the records. 

The static records* given by this machine are very interest- 
ing. ‘These are simply enlarged representations of the motion 
of the earth; and are in many cases very curious, having gene- 
rally a resemblance to the curves obtained when two harmonic 
motions, not in the same direction, are combined. 


II. Rolling-Cylinder Seismograph. 

In this instrument (fig. 2) a pair of hollow cylinders, C, C’, 
made perfectly equal in thickness and in length by turning in a 
lathe,are placed, with their axes horizontal and mutually at right 
angles, on a smooth plane plate, P, furnished with levelling- 
screws, S. Anarm, A, fixed to the plane, and therefore forced 
to move with it, passes over the top of one of the cylinders, 


* That is, the records taken with the plate on which the motions are 
recorded at rest relatively to the earth, 
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and carries two recording-levers, J, l’. The lever / is pivoted 
at p and p’; and its action can be readily understood from the 
figure. ‘The lever // is crank-shaped, and is hinged to a cross 
piece 0, fixed to the front of the cylinder C’ and to the arm A 
at p, This cross piece rotates as the cylinder rotates; and by 
properly adjusting its length and the ratio of the arms of the 
lever J, the multiplication can be made the same as ford. A 
drum carrying smoked paper (shown at D), ora circular glass 
plate, may be revolved in front of the plate, and hence a record 
of the different movements of the earth obtained. 

In this instrument the principle of neutral equilibrium can 
be carried out to great perfection, as cylinders can be made 
with great accuracy. It seems probable, from the preliminary 
trials that have been made, that this arrangement may be 
improved by allowing a smaller cylinder to roll freely inside the 
large one. The advantage of this is the stability it gives, and 
the quickness with which the cylinder comes to rest in its new 
position after any motion. 

An interesting modification of this machine might be made 
by placing two equal cylinders on a horizontal plate with 
their axes parallel, and placing on them a second horizontal 
plate so that its upper surface should always be in a plane 
through their instantaneous axes. Thiscould be done by causing 
the plate to rest by means of arms on two pairs of smaller cylin- 
ders of proper dimensions, so disposed that each of the larger 
cylinders should bear at each end one of the smaller cylinders 
coaxial with the larger cylinder and projecting from it. A 
third cylinder placed on the upper plate with its axis at right 
angles to those of the first two would, for small motions of the 
earth, have a line in itself which would remain approximately 
at rest. Hence by proper registering-apparatus, perhaps 
similar to that adopted for my rolling-sphere seismograph, a 
record of the motion of the earth might be obtained. 

The instrument is shown in the diagram as arranged for the 
registration of small motions ; but it is easy to modify this 
arrangement so as to provide for the registration of motions 
ranging inamplitude from a fraction of a millimetre to several 
feet. All that is necessary is to arrange that, for very large 
motions, the multiplying-lever shall go out of action, allowing 
a direct-record arrangement to take its place. A very simple 
method of writing large motions would be to attach a fine 
point to the end of the cylinder at its centre, and allow this 
point to write on a plate placed in front of it and fixed to the 
base-plate P. For countries where the earthquake-motion is 
measured in centimetres instead of in millimetres, as is the 
case in Japan, an instrument of this form might prove of great 
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value, while by the arrangement shown in the figure it can be 
made to write any motion of sufficient magnitude to be appre- 
ciated. 

The point p’ is, of course, placed in the instantaneous axis, 
of which the position is easily found in the case of this instru- 
ment. Leth be the height of the instantaneous axis above 
the plate P, R the external radius, and 7 the internal radius 
of the cylinder, then 
_ 8R+”r° 


ee 


from which it is easy to see that, in the case of a thin cylinder, 
the instantaneous axis is nearly on the inner surface of the 
cylinder. In the case of the instrument actually constructed, 
R=8 and r=7, and therefore 

_ 192449 


— epee = 15:06 nearly. 


IIL. Pendulum Seismograph. 


About a year ago (Jan. 1880) I began to make experiments 
on horizontal levers pivoted at one end and loaded at the other, 
with the view of obtaining a body in approximately neutral 
equilibrium, which by its inertia would give a means of record- 
ing the motions of the earth during an earthquake. The 
levers which I used were about 30 centimetres long between 
the load and the pivots; and the load was generally about 
5 kilogrammes. This mass remained steady even when an 
oscillatory motion of two or three centimetres was given to 
the pivoted end of the lever, if that motion was at right angles 
to the length of the lever. When the motion was oblique, 
however, there was a tendency for the mass to change its 
position, probably due to the direct impulses given to it not 
quite neutralizing each other. This change of position is not 
of vital importance if the successive motions be recorded ona 
moving plate; but as I was not at that time inclined to use 
clockwork in connexion with the machine, and it formed a 
great objection when a static record was used, I did not go 


} 4 e . ° 
further in the matter. The experimental machine, however, 
_ proved an excellent instrument for class-room illustrations of 


| inertia; and as such I have since used it in my lectures on that 


— 


subject. It is, of course, easy to give an arrangement of this 
kind sufficient stability to prevent permanent displacement ; 
but when so arranged it has little, if any, advantage over an 
ordinary pendulum, and has some marked disadvantages. 

I came to the conclusion at that time that the ordinary ver- 
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tical pendulum is the most convenient, and probably the most 
accurate, instrument for static records of earthquakes ; and a 
machine, based on the pendulum principle, was described by 
me before the Seismological Society of Japan in March 1880; 
and a description with drawing is given in the ‘ Proceedings.’ 
A description of that machine, and of some improvements I 
have since made in it, forms the subject of this part of my 
paper. 

The machine consisted of an ordinary simple pendulum 
about 3 feet in length, the bob of which was of considerable 
mass. From the centre of inertia of the bob three threads 
radiated, and were attached to three light pulleys arranged at 
equal distances apart on the circumference of a horizontal 
circle having its centre at the centre of the bob. To these 
pulleys very light indices were attached, the points of which 
turned above graduated arcs, and showed the motion of the 
earth magnified twenty-five times. The three components 
were taken for the purpose of showing without ambiguity the 
direction of the motion, if it had a definite direction, and of 
giving information as to whether there was a multiplicity of 
directions of motion. This machine was of course only capable, 
under the most favourable circumstances, of giving the ampli- 
tude of the greatest motion, this being indicated by the per- 
manent displacement of the pulleys and indices. 

The improvements on this machine, to which I now call 
attention, are, first, a method of rendering the pendulum dead- 
beat, and, second, a modification of the mode of fixing the 
pointers to the pulleys. 

A well-known objection to pendulum machines is their ten- 
dency to acquire a swinging motion during the earthquake, 
this of course causing their indications of extent of motion to 
be untrustworthy”. I have found, after a considerable number 
of trials, that this objection can be almost wholly overcome by 
a very simple process. Let a rod be adjusted in such a way 
that it can slide freely in a vertical direction through holes in 
two plates, one above and the other below the centre of the 
bob, but as near to its centre as possible. Load this rod until, 
with its sharp point touching a glass plate, it offers sufficient 
friction to bring the pendulum to rest after one half-swing, 
when the initial displacement is about that of the largest 
earthquake likely to occur. A load of 30 grammes will be 
found sufficient in Japan for a 3-foot pendulum; the bob of 
which weighs 10 kilogrammes. With this simple addition to 
the pendulum its swinging will be almost wholly avoided, and 


_ * See Professors Ayrton and Perry’s paper, “On a Neglected Principle 
in Earthquake Measurements,” Phil. Mag. Aug. 1879. 
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the amplitude-indications rendered nearly absolute. It may 
be objected that this friction will cause the amplitude for each 
individual motion to be shown too small. But I find on trial 
that the permanent displacement which this is capable of pro- 
ducing is almost inappreciable, and that the displacement due 
to a motion of the glass plate backwards and forwards at a 
period nearly corresponding with the period of the pendulum 
is not very great, even if two or three times repeated. 

The improvement in the mode of attaching the pointers was 
called for by the fact that, even with the lightest poimters which 
could be conveniently made, the rotational energy imparted 
to them by the shock made them swing too far round. This 
I got over by hanging the pointers by a bifilar suspension 
from the lower side of the pulleys. When the pulleys and 
pointers are so arranged, the pull on the pendulum can be 
made almost infinitesimal ; and yet, since the indices are not 
forced to move with the pulley, but rather tend to check its 
motion, the indications are very nearly accurate. 

I may remark that the indications of these machines, a con- 
siderable number of which have been in use for some time, 
tend to show that there is no definite direction of movement, 
or, in other words, that the successive impulses contain vibra- 
tions in different azimuths. No doubt much of this is due to 
the existence of direct and transverse vibrations, such as we 
may expect from the theory of vibrations in elastic solids. 

Besides exercising a controlling power on the pendulum, 
the friction-point can be made to describe very interesting 
curves on the glass plate if it be previously smoked. These 
curves in some of the larger earthquakes have indicated a very 
complicated motion of the earth. 


IV. Double-Lever Seismograph*. 


In the course of my experiments on the horizontal-lever 
arrangement, I was informed by Prof. Milne, to whom I had 
shown my experiments, that a very similar arrangement had 


* This paper is for the most part extracted from an account of a seis- 
mograph constructed on the principle described, which was communicated 
to the Seismological Society of Japan at its meeting on January 26, 1881. 
The only differences between the instrument here described and that 
figured in the ‘ Transactions’ of the Society, are some variations in size and 
in details of construction which have been suggested by experience. The 
instrument there described was made very small, the horizontal levers 
and frame carrying them being all surrounded by the ring R, which had 
in that case an internal diameter of about 12 centimetres. It was found 
inconyeniently compact, and was besides difficult to construct accurately. 
As the instrument now described is almost wholly of wood, its first cost 
is very small, . 
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been for some time used by Prof. Chaplin at the Tokio Uni- 
versity. J have since heard from Prof. Chaplin that he ob- 
tained the idea from a Zollner’s pendulum. Prof. Chaplin was 
no doubt the first in this country, perhaps the first anywhere, 
who applied this certainly valuable arrangement to the measure- 
ment of earthquake-motion. While talking over my experi- 
ments, Mr. Milne expressed a strong desire to have a direct 
record of the earthquake from some such arrangement; but a 
suitable mode of obtaining it did not then suggest itself. 
Since that time, however, it has occurred to me that two 
levers hinged together will not only give this arrangement, 
but will avoid at the same time one very serious source of 
disturbance, namely the shock which the mass receives in con- 
sequence of the direction of motion not being at right angles - 
to the direction of the lever. Acting on this idea, I made a 
sketch of the arrangement described in this paper, and showed 
it to Mr. Milne, who at once offered to give the instrument a 
trial if I did not care to do so. In consequence of this, one of 
these instruments has been in course of construction for some 
time, but unfortunately has not yet (March 23) been finished 
sufficiently for exhibition to the Society. 

The principle and form of this machine will be readily un- 
derstood by reference to fig. 3. A post, P, resembling in all 
respects a light gate-post, is fixed firmly in the ground; and 
to it a species of gate, A, is hinged in a manner almost iden- 
tical in form with that usually adopted. The hinge, H, is 
capable of being moved backwards and forwards, its position 
being regulated by the nut, N, and from side to side, its posi- 
tion in that direction being regulated by two screws, s, put in 
from opposite sides of the post. These adjustments are all 
that are necessary, after the instrument is properly constructed, 
to allow neutral equilibrium to be obtained. The lower pivot 
H rests against the bottom of a conical hole cut in such a way 
that the pressure will be along the axis of the cone. The 
upper hinge H is a knife-edge resting against the side of a 
round hole. The hinges H’, H’ are exactly similar in con- 
struction to H, H. 

The gate A is 15 centim. long. and 60 centim. high; the 
central piece is a round bamboo tube of about 4 centim. dia- 
meter, and the cross pieces hard wood firmly fixed to the cen- 
tral piece. By adopting a symmetrical form like the above, 
the proper positions of the hinges H, H’ are readily calculated, 
while the tubular form of the vertical piece gives great tor- 
sional rigidity with small weight. The front gate, B, is 
similar in form but in every way lighter, as it does not require 
to withstand a twisting force such as acts on A. The lower half 


Phil. Mag. 8. 5. Vol. 12. No. 74. Sept. 1881. Q 
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of B is slightly different, a light bracket being introduced for 
the purpose of raising the ring R, and allowing room for the 
registering-lever. The ring R is pivoted so that it can turn 
round a vertical axis, thus rendering more definite the point 
which remains steady. A stiff bar, b, fixed to the post P at 
one end, carries the universal joint in which the writing-lever, 
l, turns. This universal joint consists of four very light bent 
springs, fixed at the lower end to a round ring, and at the 
upper end to a small disk through which the lever / passes, 
and to which it is soldered. The four springs are arranged at 
right angles to each other, and offer a slight elastic resistance 
to the rotation of the lever /, and consequently of B and A. 
‘This resistance is made so small that the period of oscillation 
of B is very long. The reason for using this peculiar form of 
joint is to prevent a gradual displacement of R by the top of 
/ when the plate on which / writes is kept moving by clock- 
work. The static friction, even with the precaution taken in 
this machine, will probably be much greater than the pressure 
of /; but a slight motion might take place during the shaking. 
The ideas of calculating the positions of H and H’ and of 
pivoting the ring R which are used in this paper, are taken 
from Prof. Ewing’s paper “ On an Astatic Horizontal-Lever 
Seismograph,’’ communicated at last meeting to this Society, 
or rather from a conversation which I had with him previous 
to the reading of that paper. JI have generally been in the 
habit of finding approximately the steady part by experiment ; 
and in many cases this is almost the only satisfactory method*. 

In using this instrument, the two gates A and B are ad- 
justed so that their planes are accurately at right angles to 
each other, each inclined at an angle of 45° to the front of the 
post P. The gates are so made that when in this position the 
lever J is vertical. At the lower end of the lever / a thin 
sewing-needle, », slides up and down through two small loops. 
Under this needle the plate », smoked to receive the record, 
is placed. If it is desired to separate the different motions, p 
must be moved by clockwork. 


V. On a Conical-Pendulum Seismograph. 


In a paper on “ Steady Points for Seismographs,”’ commu- 
nicated to the Seismological Society of Japan in March 1881, 


* Tu the small instrument which I described before the Seismological 
Society, the levers were so light and small compared with the ring R that 
no determination of the exact proper positions of the axes were made. That 
instrument promises to act very fairly as a seismograph; but I expect the 
instrument just described to act better, because of smaller friction, due to 
great height, finer and more scientifically arranged hinges, and greater 
length of arm. 
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I suggested that a conical pendulum would probably be found 
a good arrangement for registering one component of the 
motion of the earth during an earthquake. Since that time 
an instrument on this principle has been made; and as it has 
been found to be very suitable for this purpose, a short de- 
scription of it may be interesting. 

The instrument is shown in plan and elevation infig.4. In 
that drawing P is a post which is intended to be fixed firmly 
in the ground, and may project above it from a foot to a foot 
and a half. W,W are weights fixed to the ends of the cross 
bars b, each pair forming the bob of a conical pendulum. The 
suspending wires, ¢, ¢, of these pendulums are attached to cross 
pieces, c,c, slotted and made to slide under clamping-screws, s,s. 
By sliding the cross pieces c,c backwards and forwards and 
turning them round to one side or other, the point of suspen- 
sion can be adjusted until it is vertically above the point p at 
which the small cross arm a rests. This cross arm a serves 
the double purpose of causing the bob of the pendulum to 
move in a circle, if it moves at all, and of forming the short 
arm of the lever /, which is used for writing a component of 
the motion of the earth. When the pendulum is adjusted in 
the way just described the bob is evidently in neutral equili- 
brium in any position; and hence any error due to oscillatory 
motion is avoided. Since, however, it is desirable that the 
instrument should have a small amount of stability, it may be 
made to have a long period of oscillation round a definite 
point by adjusting the point of suspension a little forward, or 
by fixing the top of the suspending wire and allowing its tor- 
sional rigidity to control the motion of the bob. 

The only points where friction acts in this machine are p, p’; 
and since the pressure on these points is small, they can be 
made very fine and almost frictionless. In this respect the 
conical-pendulum machine has a decided advantage over most 
other machines of a similar nature, such as hinged-horizontal- 
lever machines. The levers /,/ are arranged so that they 
come out at an angle of 45° to the direction of the component 
they are intended to measure, and parallel to each other. This 
arrangement is adopted for the purpose of getting the record of 
the two rectangular components side by side. When the record 
is made in this way, the direction of motion of the earth can 
be much more easily determined than if they were recorded 
at different points of the same drum or revolving plate. The 
question of change of phase-relation between the two compo- 
nents can also be much more easily investigated with this 
arrangement. Another advantage which this apparatus pos- 
Sesses, 1s the very small mass required for the moving parts, 
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and the very great mass which can be put into the weights W 
without increasing the friction, the only change required being 
that the wire ¢ should be lengthened. The question of mas- 
siveness in the portion whose inertia gives the writing-power 
is important, as the multiplication which can be used is prac- 
tically proportional to this mass. Very large multiplication 
is not generally necessary for earthquakes of ordinary magni- 
tude; but there is a large class of tremors which have a great 
interest to investigators; and these may be recorded by giving 
a multiplication of, say, from twenty to fifty, according to the 
degree of minuteness aimed at. Of a considerable number of 
machines which I have devised and tried, I think this is deci- 
_dedly the most sensitive; and it is probably the most sensitive 
and at the same time accurate recording-instrument now 
in use. 

It is of course to be understood that, in connexion with this 
selsmograph, some form of clockwork arrangement must be 
used for the purpose of supplying a moving surface on which 
the different motions of the pointers are to be recorded. 
When such an arrangement is adopted, the horizontal ampli- 
tude and direction and the period of each individual motion 
are recorded, the period of course being reckoned from the rate 
at which the drum is moved by the clock. The records are 
most convenient for use when taken on smoked glass or trans- 
parent smooth paper, because in that case, by simply varnish- 
ing the plate or paper sheet, the record can be preserved and 
used as a negative for obtaining photographs. 


VI. Hydrometer Vertical-Motion Seismograph. 

Some time ago I made several attempts to obtain an instru- 
ment capable of recording the vertical movements in an earth- 
quake shock. I propose in the present paper to describe twe 
of the most successful of these attempts. 

My first attempt in this direction was suggested to me 
by observing the motion of a Nicholson’s hydrometer when 
-Immersed in a liquid and slightly displaced from its equili- 
brium position. The period of up-and-down oscillation of 
such an instrument can, by varying the thickness of the stem, 
be made almost any length desired. I therefore proposed to 
use an enlarged hydrometer, with the lower basket removed 
and ballast placed in the bottom of the hollow foot. For the 
sake of ease of regulation I attach the upper end, by means of 
a thread, to a pulley through the centre of which, at right 
angles to its plane, a wire has been passed and then soldered. 
This wire is stretched between two springs, and can be twisted 
round its own axis, thus allowing the force of torsion to regu- 
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late the position of the float. An instrument of this kind was 
made for water as the floating medium, and gave results which 
justify the assumption that, by causing it to write on a moving 
plate, it is capable of giving valuable information as to the 
magnitude of the vertical movement. This instrument has, 
however, the disadvantage of being very large, and conse- 
quently inconvenient; and I propose therefore to use mercury 
instead of water. Fig. 5 indicates a form which may be 
adopted in such a case. 

Referring to the figure, F is a varnished, or otherwise pro- 
tected, lead float placed in a wood or iron vessel, V, filled with 
mercury. A fine wire is fixed to the lower end of the float, 
and, passing loosely through a hole in the plate p, serves to 
prevent the float from turning round. A weight, W, sufficient 
to completely submerge the float is applied to the stem above 
the surface of the mercury. To the upper end of the stem a 
a wire or thread, W, is attached, which is passed through a 
small hole in the top of the vessel V, and then over the pulley 
l, to which the index, i, is attached. With this arrangement 
the period of vertical oscillation can be made very long; and 
consequently each individual motion of the earth can be re- 
corded on a moving surface, such as a drum D, relatively to an 
undulating line due to the slow up-and-down movement of the 
float. By using the pulley /, the sensibility of the instru- 
ment is made constant for any position within the range of the 
motion. 


VII. Compensated Spring Astatic Seismograph for Vertical 
Motions. 

The following is a description of another instrument which 
I have contrived for registering vertical motions, and which 
seems well adapted for that purpose. A description of it, with 
some account of my experiments with various arrangements 
leading to the form adopted, was given at the meeting of the 
Seismological Society of Japan, on the 28th of April of this 
year. The instrument is shown in fig. 6, which is a section 
through the frame, and shows in elevation the acting parts of 
the apparatus. A vertical spring, 8, is fixed at its upper end 
by means of a nut, n, which rests on the top of the frame F, 
and serves to raise or lower the spring through a short dis- 
tance as a last adjustment for the position of the cross arm A. 
The arm A rests at one end on two sharp points, p, one resting 
in a conical hole and the other in a V-slot; it is supported at 
B by the spring §, and is weighted at C with a lead ring, R. 
Over a pin at the point C a stirrup of thread is placed which 
supports a small trough, ¢ The trough ¢ is pivoted at a, nas 
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attached to it the index 7 (which is hinged by means of a strip 
of tough paper at h, and rests through a fine pin on the glass 
plate g), and is partly filled with mercury. 

The reasons for this mode of suspension are :—First, the 
arm A, by allowing the spring to be held stretched by means 
of a lever and weight instead of by a weight directly applied, 
increases the period of free vertical oscillation of the spring 
and weight. For let ¢ = angle turned through by the arm A 
from its normal position at time ¢, e¢ = consequent elongation 
of the spring, E = total normal elongation of the spring, 
1 = length of long arm of lever A, U/= length of short arm 
of A, g = force of gravity in unit mass, T = period of ver- 
tical vibration, M the mass of the lead weight R,—then, 
supposing ¢ small, the lever A very light, and the mass of R 
collected at its centre of inertia, and neglecting the influence 
of the trough &c., we have for the equation of motion, . 


d l’ 
— 5 com 
and therefore 
El 
T= 2a \ / : 7 


From this we see that the period increases as the square root 


l 
of TE and hence an advantage in length of period is gained 


by attaching the string as shown. A disadvantage, of course, 
is that a smaller mass (in the ratio of /’ to 2) is required to 
produce a given normal elongation of the spring than if-the 
weight were applied directly. 

Secondly, the mercury in the trough ¢ acts as a compensator 
to prevent the ring R moving when the top of the spring is 
moved through a distance short compared with the distance 
between the pivots on the trough ¢. The action of this part 
is as follows:—When the plane carrying the spring § is raised 
and lowered, the point a rises and falls, but in consequence of 
the inertia and slow period of R the point C remains behind. 
In consequence of this the end of the trough ¢ falls and rises 
relatively toa; and the mercury, running backwards and for- 
wards, puts more or less force on the point C, and hence tends 
to keep this point stationary. 

If the length of the trough be 2, the distance between the 
pivots y, and the width w, then for a rise of a through a dis- 
stance h we have the centre of gravity of a prism of liquid of 


depth 2 moved from the centre of the trough to a point = from 
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the end. This gives a displacement equal to 4 w, and therefore 


e ° v ° e 
an increase of weight on C=}— hwé, where 6 is the density of 
mercury in this case. J | 

Now the increased elongation of the spring, ¢ remaining 


h 


stationary, 1s = i; therefore the increased force is 
f h we 
eo) 
where W is the normal force on C. Hence we have 
US aie er 


1 
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for an astatic arrangement. In this equation 2, y, w, and 6 
may vary; but y is generally determined with reference to a 
convenient multiplication, and 6 will generally be either the 
density of mercury or of a liquid whose density is approxi- 
mately unity. Hence, # or w being decided on, the other 
is determinate. 

The case in which the arm A is not used can evidently be 
got from the above by putting =1. This arrangement with 
a long spring is, no doubt, best when the vertical displacement 
is likely to be great. A round tube has an advantage over 
the rectangular form of trough ¢ for small motions, as it can 
be arranged so as to render the system astatic when ¢ is hori- 
zontal, but to acquire stability when slightly displaced. For 
large displacements, however, the rectangular form, when of 
suitable depth, is no doubt best. 

Instruments of the class here described are not to be relied 
on for static records, owing to the ease with which a large dis- 
placement can be given to the lever. Tor such purposes an 
instrument with a somewhat short natural period, controlled by 
some kind of frictional resistance, acts best. 

Before the above method of compensation suggested itself 
to me, I had attempted compensating by placing the axis B 
below the line joming p and c. This method has the disad- 
vantage, that generally a mass, either that of the weight or 
the spring, has to receive a motion of translation in order that 
the point C may remain at the same height. There is also 
another disadvantage, namely that after a small displacement 
the equilibrium becomes unstable. 

Several other methods have suggested themselves to me— 
such as allowing the ring R to roll backwards and forwards, 
on a properly proportioned axis, in a curve at the end of the 
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lever. This would produce compensation by lengthening the 
arm pc when the lever inclined downwards, and shortening it 
when it inclined upwards. Another method would be to attach 
one end of an independent string at the point B and the other 
end to a point p, so that, if the arm A was deflected, a couple 
would be introduced tending to keep it deflected. This method 
would have the advantage of ready adjustment, by means of a 
screw attached to the end of the compensating-spring. Ido 
not consider any of these methods so nearly perfect or so 
simple as that which I have given prominence to in this paper; 
but the main object has been to call attention to the principle 
of compensation for such instruments. 


XXVI. The Microphonic Action of Selenium Cells. 
By Dr. James MoseEr*. 


A I began these researches on the Transformation 

of the Energy of Light into that of Sound by the 
Photophone, I held the opinion which is still common, that 
there are two kinds of photophones and three forms of light- 
rays. My experiments led me to the conclusion that there 
is only one way in which light acts photophonically. The 
effect of radiation on selenium-cells is, in fact, the same as 
that exerted on the majority of solid, liquid, and gaseous 
bodies used as non-electric photophonic receivers. ‘Though 
rays may have different wave-lengths, all rays are the same 
in kind, There are not three kinds—heating, luminous, and 
chemical, but one and the same ray may have heating, che- 
mical, and luminous effects. 

In February last, when I began these experiments, I 
believed that the photophone could inform us as to the direct 
correlation between light and electricity. A current cir- 
culating around a beam of polarized light changes the plane 
of its vibration. Hence we are led to conjecture that there 
may exist further relations between light and electricity, and 
that, as the electric current or lines of magnetic force affect 
the beam, so, inversely, the beam may influence the electric 
current or the magnetic lines of force; and we may con- 
jecture that such influence may manifest itself in the pho- 
tophone. 

I therefore tried to change the magnetic condition of an 
iron plate by light. I hoped, for instance, to get an electric 
current in the coil of the telephone at the moment when 


* Communicated by the Physical Society, having been read June 25th, 
81. 
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its iron plate is exposed to radiation. I did not succeed in 
observing such a current. 

Prof. W. G. Adams was the first to show that selenium 
on illumination develops an electromotive force. Still sup- 
posing that in the photophone a direct correlation between 
the energy of light and that of the electric current might 
reveal itself, I endeavoured to observe and to measure the 
electromotive force developed in selenium cells on their 
exposure to light. 

I made selenium cells according to the method of Bell and 
Tainter as modified by Bidwell. ‘Two thin copper wires were 
wrapped parallel side by side several times round a strip of 
mica, Selenium was then melted, and crystallized between 
them. In this way I obtained cells which were very sen- 
sitive and yielded, when connected with the battery, a clear 
sound in the telephone. According to my last measurement, 
the resistance of one of those cells in the dark is 3000 ohms, 
diffuse daylight reducing it to 2700. The measurements were 
made with an astatic-mirror galvanometer, the resistance of 
the coils of which was 6860 ohms. The scale was about one 
metre distant from the mirror, each division one fortieth of an 
inch. There were other galvanometers at my disposal, and a 
battery of twenty Leclanché cells. The galvanometer proved 
itself more sensitive than the telephone. 

The above-mentioned selenium cell yielded by intermittent 
radiation of lime- or electric light clear and distinct sounds ; 
illumination by the same sources of light deflected the image 
of the slit strongly. 

But the same light which, when a current of an external 
battery flows through the cell, makes the telephone to sound 
or the spot of light to slide along the whole scale, is not able 
to produce an observable electromotive force in the selenium 
cell. This non-appearance of a current (the circuit being 
formed only of selenium celland galvanometer, or of selenium 
cell and telephone) is, in my opinion, very noteworthy ; for 
the problem which I wish here to solve is not to make photo- 
phones without batteries, but to explain the efficiency of the 
selenium cells by the qualities they actually possess. 

It is possible to prepare pieces of selenium which show an 
electromotive force on being illuminated. I shall return to 
this point further on. But cells and pieces of selenium not 
possessing this property nevertheless show photophonic action. 
Therefore the photophonic action cannot be explained by this 
property, which is, or at least may be, wanting in the selenium 
cells. 

I proceeded further, always endeavouring to find a correla- 


214 Dr. J. Moser on the Microphonie 


tion of the energies. The current flowing through a selenium 
cell experiences a counter force—a polarization. I tried to 
observe, and, as far as possible, to measure it. This polarization 
is shown by all my cells and preparations of selenium. I 
found it, however, when measured by the compensation method, 
to be only about the thousandth of a volt. In order to ob- 
serve the polarization as near as possible to its maximum, I 
employed a rotating switch, which I constructed by means 
of two alternating tooth-wheels, and which changed the current 
eighty times per second. 

I next endeavoured to increase the electromotive forces 
originating in the selenium cell, as well as those produced 
eventually by light. I tried to attain this by taking the two 
wires of different material ; then I prepared selenium pieces 
where selenium was simply between two straight parallel 
wires. At first I made a selenium cell, just like the one 
described above, replacing, however, the one copper wire by 
one of platinum, so that the selenium was between copper and 
platinum. But the polarization, which again could be easily 
observed, was here also very small. On measuring, it was 
found again about one thousandth of a volt. Also this cell 
did not produce, either in the dark or on illumination, any 
current which could be observed by the galvanometer. 

In order to increase the polarization, I gave the polarized 
selenium cell greater capacity. I took, instead of the wires, 
two larger plates, each 6 centim. long, 3 centim. wide, and 
about 1 millim. thick. My intention was to begin the expe- 
riments with three of such pairs, with 


copper, selenium, copper ; 
zinc, selenium, zinc ; 
zinc, selenium, copper. 


With the latter of these cells I succeeded (after having sent 
through it the current of a strong battery) in observing 
a polarization of about 0-4 volt. The cell had now become a 
polarization battery, giving rise to a current long after it was 
separated from the primary battery. 

In all these experiments, and especially in the last, a super- 
position of polarizations could be distinctly observed ; so that 
here we have to deal, not simply with thermo-electric currents, 
but with electro-chemical decomposition. 

An observation, however, which I now made gave a different 
direction to these researches. But their aim remained un- 
changed—namely, to explain the efficiency of the selenium cells, 
to understand the transformation of energy of light into that 
of sound in the selenium cell, regarding it froma more general 
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point of view and not merely as an isolated phenomenon in. 
selenium, but, by finding the general law, to remove selenium 
from its isolated position. This, however, may be done either 
by comparing other bodies with it (which is the method of 
previous investigations on the subject, and was my own also 
till now), or this may be effected by inserting selenium in 
the series of other bodies. The latter method I shall now 
describe. 

I intended to make such cells of copper, selenium, copper, or 
of zinc, selenium, copper plates, in the same way as the above- 
described photophonic cells. On a copper plate I melted 
amorphous selenium, and put on it the second metal plate of 
zinc or copper. Then I heated gradually, so that the selenium 
became crystalline; and I then annealed it. Whilst the amor- 
phous selenium adheres very well to the metal plates, these 
cells proved very brittle when the selenium was crystalline ; 
the selenium always split off from the copper plate. In order 
to find how to avoid this splitting-off, I examined the matter 
more closely; thus, I left out the second metal plate, and ex- 
perimented with copper and selenium only. 

The preparation was, in accordance with that of the photo- 
phonic cells, the following :—One of the copper plates to be 
used for the cells was heated on a large brass plate of about 
3 millim. thickness; this was covered by a thin sheet of 
mica, on which the selenium which eventually flowed off was 
collected. The copper plate having reached the melting- 
point of amorphous selenium, was covered with this substance 
and thereupon removed from the brass plate. On being re- 
moved it cooled quickly; and on it now a black-brilliant layer 
of amorphous selenium remained. The larger brass plate having 
also cooled, the copper plate covered with selenium was again 
laid on it and again slowly warmed, so that the selenium crys- 
tallized. The temperature was still further raised, near to the 
point at which the crystalline selenium begins to melt. The 
selenium was then annealed. 

But, notwithstanding this caution, it was not possible to fix 
the selenium on the copper plate. It exfoliated and split off. 
Every lamina which exfoliated was on the upper side light 
grey, and on the lower side blue-black, not brilliant but dull. 
In the same way the copper plate had now a similar dull 
blue-black covering. This blue-black body is cuprous sele- 
nide, Cu,Se. There were thus three layers—copper, cuprous 
selenide, and selenium; and in the copper-selenium-zine cell 
two other layers—selenide of zinc and zine; so that all together 
there were five layers. 

I took thinner copper plates; but the splitting-off still 
occurred. 
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This experiment shows that between the copper and the 
selenium, or rather the cuprous selenide, there is only a slight 
and wmperfect contact. 

But the same is the case in the photophonic cell. In 
this also the three layers—copper, cuprous selenide, sele- 
nium—follow one after the other. The plates give only an 
enlarged view of what is to be observed in the photophonic 
cell on a smaller scale, and with more difficulty, by the eye. 
Thus we see that in the photophonic selenium cell also we 
have only a similar slight and imperfect contact, which is to 
be influenced by radiation. It was first by this experiment 
that it became obvious to me that a microphonic effect is the 
essential part of the action of the selenium cells. 

‘I was confirmed in this conclusion, that the selenium photo- 
phone is a microphone, when I learned that Mr. Sumner Tainter 
had constructed a photophone in which selenium was replaced 
by carbon. Indeed his apparatus, the zigzag line filled with 
carbon on the silver-coated giass plate, is nothing else than a 
microphone. Ifweremember the apparatus described by Mr. 
Hughes as a thermoscope, we understand that the selenium 
photophone of Messrs. Graham Bell and Sumner Tainter 
agrees in its principle with the carbon photophone of the 
latter; and, again, this is in its main features the same as the 
thermoscope. Jn 

Thus my attention became now more directed to those 
passages in the literature where the degree of the resistance 
at the surfaces of contact between the selenium and the metal, 
in comparison with the total resistance, is discussed. 

In 1875, before the invention of the microphone, Dr. 
Werner Siemens observed a high resistance at the surfaces 
of contact. He arrived at the conclusion “ that an essential 
part of the resistance of the selenium is in its limiting layers 
at the surfaces of contact’’*. 

Mr. Sabine is of the same view. Finding, e. g., in one 
piece of selenium with several transversal platinum wires the 
resistances of the junctions to be 429, 479, 498, and 428 
megohms, the resistance of the selenium itself between the 
wires, however, much smaller (22, 13, and 0 megohms), he 
remarks:—“ It is clear from these measurements that a large 
portion of the observed resistance of a so-called selenium 
resistance may, and frequently does, reside in the junctions, 
and not in the selenium. Therefore the larger we make the 
surface of contact between the platinum and the selenium, 
the less likely are we to find an otherwise sensitive piece of 
selenium rendered comparatively insensitive by the introduc- 

* Pogg. Ann. clix. p. 140, 
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tion of high junction resistance. In this respect the form of 
selenium plate designed by Dr. Werner Siemens, in which 
the platinum wires form gratings or interlying spirals, is un- 
questionably the best form to employ when the object in 
view is to obtain a high sensitiveness to light”’*. 

Both authors assume the selenium to possess a special 
sensitiveness, and this quality to be damaged by the high 
resistance of the junctions. Therefore they aim at annihi- 
lating this resistance at the surfaces of contact. Aiming 
at this annihilation, they enlarge the surfaces of contact and 
thus diminish the resistance. 

The surfaces of contact should indeed be enlarged. The 
reasons, however, for which this must be done are, in my 
Opinion, just the opposite to those influencing these two 
observers. It is the high resistance at the junctions which 
is the variable, and which is necessary for the microphonic 
action. The case of this resistance alone being the variable 
I shall discuss immediately. That the resistance at the 
junctions is high is a necessary consequence of the imperfect 
and variable contact. To annihilate it is to render the photo- 
phone insensitive. And, vice versa, the more extensive the 
surfaces of contact are, the more sensitive is the selenium cell. 

A further strong support, amongst others, is given to this — 
theory by the observation of Mr. Bidwell{, who has made 
very numerous experiments with selenium cells. “‘ He got the 
best speech from cells of high total resistance . . . The sele- 
nium should, however, have a low specific resistance.’ 

These observations are easily understood by the micro- 
phonic action of the cells ; for, that the total resistance is 
to be great and yet the specific resistance of the selenium is to 
be small, has no other meaning than that there must be a bad 
contact between good conductors. 

The next question is, if this microphonic action is confined 
only to the surfaces of contact. J must here recall that 
Messrs. Draper and Mossf, distinguishing three crystalline 
modifications of selenium, observe as to their conductivity, 
‘‘ Between these two forms of granular selenium—the appa- 
rently nonconducting and the comparatively highly conduct- 
ing—there is another, of intermediate resistance. This modi- 
fication is highly sensitive to light.” 

Just so, according to Rammelsberg§, selenium exists in 
four allotropic modifications, three of which are crystalline. 

* 1878, Phil, Mag. (5) v. p. 404. 

+ London Phys. Soc. Jan. 22, 1881; Tel. Journ. ix. p. 52. 

t 1878, Proc, Irish Ac. (2) i. p. 533, Nov. 10, 
§ 1874, Pogg. Ann. clii. p. 151. 
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For evidence of the microphonic action I was at first 
contented to observe that selenium in this crystalline state, 
in which it is most brittle and the most powdery, is also 
most sensitive to light. Afterwards I succeeded in obtain- 
ing a piece which shows this very clearly. Between two 
platinum wires of 3 centim. length was a selenium plate 8 
millim. in width and hardly 1 millim. in thickness. Heated 
in air and annealed, the whole surface had taken the light 
grey colour of a crystalline state; half the upper surface, on 
the side of the one platinum wire, was smooth and continuous; 
the other half, near the other platinum wire, was powdery and 
granular. Alternately one of the two halves was kept con- 
stantly dark, and the other half at the same time intermittingly 
illuminated. Thus I could observe that almost the total 
sensitiveness of the whole plate resided in the granular coarse 
half of the surface. This shows that microphonic effects occur 
also in the selenium itself. Buteven if the selenium were per- 
fectly homogeneous, and remained so during the illumination, 
the rays would produce heat and change of volume, which 
would have a microphonic influence on the contact. 

By such microphonic changes the efficiency of the sele- 
nium cel] would be explained, and thereby the selenium would 
be removed from its isolated position and coordinated with all 
the other bodies in which change of volume and of form 
under the influence of radiation have been observed. 

I, however, do not deny that light may have other effects 
on the selenium. That such is the case is indeed one of the 
causes which have hitherto masked the microphonic action of 
the cells. That my present view of the simple action of the 
selenium did not present itself at once is owing to two causes. 

In the first place, there is the fact that the microphonic 
variations or changes in volume and in form, attributed com- 
monly to the so-called heat-rays, are produced in the selenium 
by the illuminating rays. 

In the second place, complication is introduced by the fact 
that selenium exists in four allotropic modifications, and that 
light is able to exert on these divers influences. Though 
these are not essential to the action of the photophone, it has 
nevertheless been assumed by others, and at first by myself, 
that such changes might be the key for the explanation of 
the selenium photophone. 

Of these two impediments which stood in the way of the 
perception of the microphonic action of the cells, I intend to 
speak more in detail. And first a few words on what, for the 
sake of brevity, may be called the heating effect of the light- 
rays. 
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In the beginning of April* I repeated the experiment of 
Mr. Graham Bell, and allowed light to pass through ebonite. 
In order to be able to make a quantitative observation I con- 
nected the selenium cell, on which the light was to fall, not 
only with the telephone, but also with a galvanometer. 
While, however, it appeared that a photophonic effect took 
place through the ebonite, it was shown that this effect was 
only a small part of the direct effect when the ebonite dia- 
phragm was away. Now, as ebonite allows passage only 
to red and ultra-red rays, we learn from this experiment two 
things :— 

* (1) That the illuminating rays are those which are especi- 
ally absorbed by selenium, and that these produce the greater 
part of the photophonic action. 

(2) That itis even possible to make a selenium photophone 
without light—that is, with exclusion of illuminating rays and 
by the influence of heat-rays only. 

That there is simply a heating effect of the illuminating 
rays in the selenium photophone has perhaps not yet been 
sufficiently insisted on, because the most modern researches 
on light-rays are not yet assimilated to the general view of 
physics. We find still the conception of three different kinds 
of rays—heating, illuminating, and actinic; whilst it has long 
been demonstrated that there is only one form of rays, differing 
from one another, however, in wave-length and intensity. 
On the body on which the ray falls depends whether its 
energy is perceived as heat, or light, or chemical effect. In 
order to be effective a ray must be absorbed. The bodies, 
however, on which the rays fall select the rays they absorb in 
the most various manner, which we recognize by the endless 
varieties of absorption-spectra. ‘The absorbed rays alone are 
able to exert an effect ; they only can warm the body. And 
heating occurs not only by red and ultra-red rays, but by the 
rays which are absorbed. Only the absorbed rays can pro- 
duce (and that is the point in question here) changes of 
volume and of shape, and in this way influence the contact 
of current-conducting parts. 

As the last-mentioned experiment demonstrates, selenium 
absorbs principally the illuminating rays. When, therefore, 
selenium is exposed to radiation, the change of volume and of 
shape is produced chiefly by the illuminating rays; selenium 
2s heated by light. It must be the illuminating rays which 
make the selenium cell act microphonically. >» 

That light, however, may produce in selenium other 
changes than heat and deformation, which are essential to 

* Lond, Phys. Soc. April 9, 1881; ‘Nature,’ xxiii. p. 595, 
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the efficiency of the selenium cell, has been the second cause 
which masked the microphonic action of the cell. These are 
changes in the material; they concern rather the chemistry of 
selenium. They are indeed purely chemical if we view the exist- 
ence of selenium in four allotropic modifications as a chemical 
quality. Into these chemical changes I shall enter here only so 
far as it is necessary for the proof that they are not essential 
to the microphonic action of the selenium cells, since my aim 
now is the physical one of correlating two forces. 

When, now, we no longer consider the selenium cells espe- 
cially, but selenium in general, we find that light can produce 
in it, if the selenium is an element and pure*, no other che- 
mical changes than those which induce the transformation of 
one of the allotropic modifications into another one. But 
such a transformation is connected with development of 
energy; for in 1851 M. Hittorfft observed a rise of tempe- 
rature of 90 degrees when the vitreous modification changed 
into the crystalline; and Regnault ¢ (1856) in a similar case, 
observed an elevation of temperature of 130 degrees. With 
a proper arrangement (that is, in a closed circuit) we shall get, 
instead of the development of heat, an electric current—just 
as, for instance, two solutions of the same salt, but of dif- 


| ferent concentration, on being mixed together, give a deve- 


lopment of heat, but, when brought into a circuit in a proper 
manner, produce electricity equivalent to this heat. 

Thave already mentioned above that Prof. W.G. Adams thus 
observed electromotive forces on illuminating selenium con- 
nected only with a galvanometer, but that generally the pho- 
tophonic cells do not give such a development of electricity, 
and that therefore this property of selenium cannot be used 
for the explanation of the efficiency of the photophonie cells. 
(Here I will add that of course thermoelectric currents can be 
produced by differential heating of the two junctions. In 
order to get such a great difference of heating, the cell must 
be exposed to greater heat. Thus I brought near the focus of 
the sun’s rays only one small part of the cell, and found a 
small deflection of 10 divisions, or about half a centimetre.) 


* On melting selenium, a grey film was formed on the surface. This 
being removed by a platinum spatula, the amorphous selenium showed a 
brilliant surface ; and only such selenium was employed, in order to get 
congruent results. 

Selenium crystals of 3 millim. length were obtained by sublimation 
on the cover of the crucible. At first amorphous selenium condensed ; 
afterwards these sublimated crystals, which were insoluble in water, were 
formed. 

+ Pogg. Ann. Ixxxiv. p. 216. 

{ Ann. Chim. et Phys. (8) xlvi. p. 284. 
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That by radiation the allotropic modification of selenium 
may be changed, but that such changes do not occur in the 
selenium cells, was proved most conclusively by one piece of 
selenium, which had the anomalous property of showing in- 
creased resistance on being illuminated. 

Till now I had prepared all selenium cells and all pieces of 
selenium as I have described above, in the open air or in an 
air-bath. I never succeeded in obtaining selenium pieces of 
such low resistance as Messrs. Adams and Day got in three 
of their pieces, the resistances of which were 55, 58, 68 ohms. 
These three pieces differ, it is true, strongly from most of 
the other pieces in their resistances, which were as high as 
7,600,000 ohms. I therefore followed their method almost 
literally. I laid several pieces of amorphous selenium, fur- 
nished with platinum electrodes and wrapped in paper, for 
twenty-four hours in sand which had been warmed before 
by a red-hot iron ball,—a process in which the influence of 
the aqueous vapour evolved from the paper is not excluded. 
In this way I got, indeed, pieces of the comparatively low re- 
sistance of 700 and 2000 ohms; whilst that of the other pieces 
prepared at the same time amounted still to 350,000 ohms. 

The selenium piece of lowest resistance (700 ohms) showed 
at first so variable a resistance, that this could scarcely be 
measured. Then, when it became more constant, a determi- 
nation of 700 ohms was possible. But on exposure to light, 
the resistance increased. This behaviour is just the opposite 
of what all my other cells or pieces of selenium show. And 
it is equally in contradiction to the diminishing of resist- 
ance found in all other cases by all other observers; only 
Messrs. Adams and Day mention at the end of their nume- 
rous observations, that one single piece out of the great series 
behaved like this of mine, increasing its resistance on being 
illuminated. This piece of mine in which I observed this ano- 
malous quality, exhibited in general the tendency to rise 
steadily in resistance; so that there occurred, on illuminating 
it, a continuous increase of resistance, and, on darkening, a 
feeble but never a complete return to the original value. 
Hivery exposure to light again renewed this increase; and 
even a slight shaking of the table changed the resistance. 
This tendency to increase the resistance was manifested so 
strongly, that on the following day I found the resistance had 
risen from 700 to 5600 ohms. 

But this piece of selenium showed still another anomaly, con- 
tributing, however, to the explanation of the first. I intended 
to examine the polarization produced in the selenium by the 
primary battery-current when separated from the battery and 

Phil. Mag. 8. 5. Vol. 12. No. 74. Sept. 1881. R 
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connected with the galvanometer by means of a switch. And 
now I found a secondary current which went through the galva- 
nometer always in the same direction, quite independent of the 
direction of the primary battery-current. ven when the pri- 
mary current was produced by a single Leclanché cell only, 
the deflection by the secondary current was 80 divisions, or 
about 5 centim. This secondary current is therefore no po- 
larization-current; for in that case its direction would be 
always opposite to the primary. But here a change of direc- 
tion did not occur, the secondary current always flowing from 
the platinum electrode A to the platinum electrode B, and 
never in the opposite direction. 

The passage of a current also, like illumination or concus- 
sion, occasioned a quicker increase of resistance. 

All these qualities, however, are very easily understood; 
and the very appearance of the piece suggests the explana- 
tion. There are in it several modifications of the selenium 
side by side. At the transformation of the one modification 
into another, as I have pointed out above, heat or electric 
effect must take place. A state of equilibrium is not reached 
before that modification has been formed the formation of 
which is attended by the maximum development of energy— 
thermal or electric. Such modification again, as also men- 
tioned above, has a different resistance from the one from 
which it originated; and therefore the variation of resistance 
is a necessary consequence of the change of modification. 
While the transformation goes on, we observe the electric cur- 
rent; after the transformation is complete we observe the 
change of resistance. 

Such changes in the modification can be also occasioned by 
light : a pencil of amorphous selenium assumes, when exposed 
to the daylight, a grey crystalline surface. 

Two conditions distinguish these changes from the photo- 
phonic ones, and prove that, as a rule, they do not occur in 
the photophonice cells. . 

On darkening the cell in which only a microphonic action 
took place, the original state was reached again which it had 
before being illuminated ; in the piece of selenium wherein 
a change of modification occurred, this was not the case. This 
is the reason why the light-spot returns to its original posi- 
tion on the galvanometer-scale in the case of the selenium 
cell, but does not in the case of the selenium piece. And, 
secondly, by such changes of modification a phenomenon is 
produced which has been called “fatigue.” Such fatigue 
(that is, an insensitiveness) must take place as soon as the store 
of the one modification which is transforming itself into the 
other is exhausted. But it cannot take place if we have to 
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deal with a microphonic action alone. And, indeed, in the 
selenium cells I never could observe this fatigue. The sensi- 
tiveness of the last-described piece is now extremely lowered. 

And thus we see that there are two different effects which 
light may have on selenium and on selenium cells. The one 
is more of a chemical, the other more of a physical character. 
The one is a changing of modification, and is not essential to 
the efficiency of the selenium photophone. In this latter we 
have to deal essentially with a heating effect, changing volume 
and contact—in brief, with a microphonic action. 

Therefore, as to the photophonic efficiency of selenium, 
I see no reason to separate it from all other bodies; and I no 
longer believe that there is any prospect of finding an un- 
known power or a new relation of forces in this substance. 

The above experiments were performed in Prof. Guthrie’s 
Physical Laboratory at the Science Schools, South Kensington. 
The permission granted me, at his request, by the Department 
of Science and Art to carry out my ideas experimentally is only 
one of the many acts of kindness and courtesy which I have 
received from scientific men and Societies during my sojourn 
in England. 


Physical Laboratory, South Kensington, 
June 1881, 


XXVIII. Remarks on Prof. Hughes’s Papers on Molecular 
Magnetism. By Prof. G. WIEDEMANN™. 


N the ‘ Proceedings of the Royal Society of London,’ 
vol. xxxi. p. 582, vol. xxxii. pp. 25, 213 (1881), Prof. 
Hughes has published a series of papers on the relations be- 
tween magnetism and torsion, upon which I beg leave to make 
the following remarks:— 

In his first paper, Prof. Hughes has quoted from my work 
on Galvanism and Electromagnetism (1st ed. vol. ii. p. 488, 
instead of p. 447 as cited) an experiment of mine, by which I 
had shown that an iron wire through which a current flows is 
magnetized by torsion. He says that Sir William Thomson 
had attributed this magnetization to a spiral arrangement of 
the current in the twisted wire. 

Now, in the passage above referred to, I state distinctly 
that, if an iron wire is twisted during or after the passage of 
a current, it becomes magnetic. In the latter case there is no 
longer any current in the wire. I have observed this magne- 
tization directly by the deflection of a magnetic mirror, and 
determined its direction. In accordance with many other 
observations I have fully treated the rotations of the magnetic 

* Communicated by the Author, 
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molecules upon. which this magnetism depends, and illustrated 
it by a woodcut*. Still more fully are these phenomena and 
others related to them treated in the volumes of Poggendorff’s 
Annalen from 1858 to 1862, quoted in my workf. 

In the year 1866 (Pogg. Ann. cxxix. p. 616) I showed that 
when a current is directed through an iron wire extended in 
the axis of an induction-coil and the wire is twisted or un- 
twisted, induced currents are produced in the coil; further, 
that similar induction currents are produced by twisting or 
untwisting the wire after having interrupted the current pass- 
ing through it; also that analogous induction currents pass 
through the wire itself when, after the passage of the current, 
its ends are joined to a galvanometer and it is twisted or un- 
twisted. 

These results in each case follow directly from my former 
direct observations on the magnetization of an iron wire by 
twisting or untwisting during or after the passage of a current. 

It is not difficult to vary the experiments, as, in fact, Prof. 
Hughes has done. My purpose being to establish the prin- 
ciples of these phenomena, I considered it best to study them 
under the simplest possible conditions. 

It gives me great pleasure to find that the experiments of 
so distinguished a philosopher as Prof. Hughes, which either 
agree completely with my own or have been made with some 
variations of method, confirm the results which I obtained 
about twenty years ago, and that, in describing molecular 
magnetism as a singular form of magnetism, he has indepen- 
dently come to the same conclusions as those published by me 
in the years 1858-1862, when enunciating the theory of the 
relations between magnetism and mechanical changes of mag- 
netic bodies. 

Leipzig, August 6, 1881. 


XXVIIL. On Mr. R. Shida’s Note published in the Philoso- 
phical Magazine for August 1881. 


To the Editors of the Philosophical Magazine and Journal. 
GENTLEMEN, 
HE contents of Mr. Shida’s last note, and the addendum 
thereto by Sir William Thomson, render it imperative 
upon me unwillingly to trouble you again upon this subject— 
I trust, for the last time. In Mr. Shida’s original papers 
(Brit. Assoc. Reports, 1880, and Phil. Mag. Dec. 1880) he 
stated that, in the course of his electrostatic valuations of v, 
* Galvanismus, Ist ed., i. p. 453; 2nd ed., iii. (1) p. 573. 
t Poge. Ann. cil. p. 563 (1858); cvi. p. 161 (1859); ecxvii. p. 203 
(1862) ; and Monatsber. d. Berlin. Acad, 1860, 29 Nov. ; also in the Annales 
de Chimie et de Physique, the Archives de Genéve, Silliman’s Journal, &c. 
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“the H.M.F. of Thomson’s gravity Daniell was measured by 
comparing it before and after the above experiment [the elec- 
tromagnetic valuation] directly with that of the above battery 
by means of Sir William Thomson’s quadrant-electrometer :”’ 
the which wording conveyed to me the impression that both 
cell and battery were compared under the same conditions, 
viz. with insulated poles, no current flowing. Incidentally 
referring to Mr. Shida’s paper (Phil. Mag. May 1880), I 
noticed that such a mode of working would introduce an error 
due to polarization, the E.M.F. of the cell being less when 
generating a current than when its poles are insulated. Mr. 
Shida rejoined (Phil. Mag. June 1881) that the quadrant- 
electrometer comparison was made whilst the cell was gene- 
rating a current, so that the polarization-error was avoided. 
I then pointed out (Phil. Mag. July 1881) that, if Mr. Shida 
made the quadrant-electrometer comparison whilst the cell was 
generating acurrent, the electrometer-reading would be less than 
the true i.M.F. in the ratio of the external resistance to the 
total resistance in circuit, the difference being in Mr. Shida’s 
experiments about 2 per cent. Mr. Shida now replies, in 
effect, that this 2-per-cent. error was obviated in his experi- 
ments by multiplying the electrometer-reading reduced to 


C.G.8. units, V—V’, by the factor DERE (where 0 is the 


internal resistance of the cell, and p the resistance of the rest 
of the circuit*). That this correction was adopted may also 
be gathered from Sir W. Thomson’s denial of the existence, in 
Mr. Shida’s experiments, of any such error as the omission of 
this factor would entail. I confess, however, that Iam ata 
loss to understand how pointing out that the omission of the 
factor would introduce an error can be construed into a “ mis- 
understanding of Ohm’s Law.”’ 

After Sir W. Thomson’s explicit statement that Mr. Shida’s 
experiments were free from the source of error pointed out, I 
have to express my regret at having, as it appears, too hastily 
concluded that Mr. Shida did not apply a particular correction 
when, in point of fact, he only omitted to mention that he 
applied it. At the same time it is only due to myself to point 
out that the numerical values quoted by Mr. Shida as his 
results are not of such a nature as to lead the reader to put 
implicit confidence in the rest of the work, and that a priori 
they seem to suggest that when corrections and precautions 
were not mentioned they were probably omitted. 

In order to calculate the electromagnetic value of the 

* Mr. Shida uses r instead of p. I have altered the symbol to avoid 


confusion with the other 7 used by Mr. Shida in his original paper, referred 
to later on. 
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E.M.F. of the cell, Mr. Shida used the following formula, 
Wet da tana. 


where R=b+ , H is the horizontal component of terrestrial 
magnetism, a is the angle of deflection of the tangent-galva- 
nometer, and K is a constant calculable from the dimensions 
of the instrument &. With the object of obtaining several 
values of R.tana and averaging them, Mr. Shida caused R 
to vary within certain limits: unless considerably different 
currents were made to flow, no sensible alteration in the 
H.M.F. through polarization would occur; so that the product 
R.tanae should be sensibly constant, barring unavoidable 
errors of observation. Mr. Shida states, in each of his original 
papers, that R=g+b+r7, where g is the resistance of the gal- 
vanometer (measured as 30°86 ohms), 0 is the internal resist- 
ance of the cell (found to be 2°02 ohms), and 7 is a variable 
resistance introduced to vary the current and to bring the 
deflection to near 45°. Mr. Shida then gives in each paper 
the following table of numbers obtained— 


Cb. Tr. R. 
45 15 80 ohms 107-88 
AD TAS LOG corse ‘112-88 
5 ee) D0 3, 82°88 
and thence concludes that the mean value of Rtana = 


104°73 x 10°. 

Now the above numerical values are irreconcilable. Whether 
Mr. Shida has copied down the wrong figures from his note- 
book, or how he came to print these numbers, I cannot say ; 
but the fact remains that they cannot possibly be all right. 
That the accidental omission to correct errors of the press is 
the cause of the discrepancies seems improbable, not only from 
the nature of the errors themselves, but also from the fact that 
the second (Phil. Mag.) paper is not an exact replica of the 
first (B. A.) paper, various sentences having been altered, so 
that an additional revise must have been made. 

First, if r=80, since R=g+6-++7, and since the galvano- 
meter and cell were necessarily used in all the determinations, 
it follows that if g=30°86 and b=2:02 as stated, R must 
= 112°88 instead of 107°88. Secondly, ifr=100, it similarly 
results that R=1382°88, not 112°88. If it be supposed that in 
these two cases the values of R are correctly quoted and those 
of r wrongly given, then r must have been 75 ohms in the 
first case and 80 in the second, instead of 80 and 100 respec- 
tively. Thirdly, whether it be assumed that the values of R 
or those of r are correctly given, in neither case is the mean 
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value of Rtan« what Mr. Shida says itis. In the first case 
we have— 


a tan r ie R tan e 
45 15 | 1:0088 75 107°88 108°83 — 
42 45 | 0:9944 80 112-88 104:35 
51 39 | 1:2639 50 82°88 104:75 


Mean .. . =105:98 


whilst in the second case we have 


oh. tan @. 1. R. R tan a, 
45 15 | 1:0088 80 112°88 113-87 
42 45 | 0:9244 100 13288 122°84 
51 39 | 1:2639 50 82-88 104:75 


Mean ... =113°892 


In either case the values of Rtane are very far from being 
constant, whilst the mean value materially differs from 104°73 
ohms. 

Two other slips, presumably made either in transcribing or 
during proof-corrections, have been already noticed, viz. the 
statement (in each paper) that the electrostatic values of the 
electromotive forces of the battery and cell employed were 
0:904187 and 0:034380 C.G.S8. units, instead of one tenth of 
these quantities in each case respectively. 

Whatever may be the explanation of these numerical aber- 
rations, it is at least evident that when an author twice over 
publishes such numbers as these (and only such numbers) as 
samples of his work, he can hardly be surprised if readers con- 
ceive it to be possible that oversights may have been made in 
other portions of the research, especially when incomplete or 
ambiguous descriptions are given tending to convey the im- 
pression that oversights were actually made. Humanwm est 
errare. 

In conclusion, I must remark that Mr. Shida misrepre- 
sents me when he says that I call the difference of poten- 
tial, V—V’, subsisting between the poles of an electromotor 
which is generating a current, the H.M.F. of that electro- 
motor. On the contrary, I expressly define (Phil. Mag. May 
1881, p. 359, footnote) the H.M.F. of such an electromotor, H, 
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to be this difference of potential “ corrected for the effect of the 
current passing (if appreciable),”’ the correction being the ad- 


dition of the quantity 0C= ea This is obviously equiva- 
lent to defining the H.M.F. as ee fen eenae b “+e, 


I have the honour to be, Cee 
Your most obedient Servant, 
CHARLES R. ALDER WRIGHT. 


Chemical Laboratory, St. Mary’s Hospital, W., 
August 3, 1881. 


XXIX. Intelligence and Miscellaneous Articles. 


ON THE DETERMINATION OF THE ANGULAR DISTANCE OF THE 
COLOURS. BY M. A. ROSENSTIEHL. 

WO series of experiments made upon a chromatic circle called my 

attention to three colours appearing to fulfil special functions*. 

I was thus led to discuss Young’s theoryT on the three fundamental 

sensations, and to establish two categories of non-complementary 

colours :—1, those which by their mixture in threes at equal inten- 

sity produce the sensation of white; 2, those which produce that 
sensation outside of those proportions. 

I have designated the first category by the name “ triad;” and I 
remarked that from their definition it follows that, representing 
the table of colours by an equilateral triangle of which each vertex 
is occupied by one of the colours of a triad, the complementaries 
will be placed, in that construction, on the sides of the triangle and 
at the extremities of a straight line passing through the point of 
meeting of the median lines, while this regularity cannot exist for 
the second category of combinations of three colours. 

The aim of the present note is to prove that the three colours 
above referred to, viz. orange, the third yellow-green, and the third 
blue, possess the characters of a triad. 

By a first series of experiments I determine the pairs of comple- 
mentary colours. By a second series I ascertain the proportions in 
which the three colours chosen must be mixed in order to obtain 
the sensation of white. By a third series I seek to reproduce a 
determined colour by the mixture of two or three colours: all 
these experiments are made with rotating disks; the measurement 
of the angles of the sectors gives the position of this colour on the 
sides of the triangle. In the calculations I do not take into consi- 
deration the white which is produced at the same time, but only 
the sensation of colour, my aim being to determine the proportion 
in which two different colour-sensations must be mixed to obtain a 


* Phil. Mag. March and April 1881, vol xi. pp. 222, 305. 
+ Ibid. vol. xii. p. 78. 
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determined sensation of ‘colour. The results of the three series of 
experiments are summed up in the following figure. 


3rd yellow-green. 


3rd blue . fone — Orange. 
Violet-blue. Violet. Red. 

It is there seen that the straight lines which join the comple- 
mentary colours intersect in a single point. Consequently the 
three separate colours form part of a triad; here is their position 
in the spectrum :— 


WD rena AG eh socialist he sie) otis 2 from C to D. 
Green (8rd yellow-green) at # from D to E. 
Blue (8rd blue) at........ 1 from F to G. 


I repeated the last two series of experiments, methodically repla- 
cing one of the three colours by another. JI did the same with the 
three colours which Maxwell considers fundamental. None of 
these systems give regular results. Some colours which to the eye 
are very close are in them separated by large spaces, while some 
distinct colours are there brought very near together and almost 
blended, and the lines joining two complementary colours do not 
intersect in only one point. 

The two propositions above formulated are therefore in accord- 
ance with experiment. 

To complete the demonstration of the existence of the triads, it 
remains for me to prove that all the colours which occupy the vertices 
of an inscribed equilateral triangle possess the same properties. 

I ascertained that it really is so by recommencing the same series 
of experiments with the triad formed by the first violet, the blue- 
sreen, and a yellow comprised between the first and second yellows 
of my chromatic circle. These three colours are distant 120° in 
the above figure. The results of the experiment are there indi- 
cated. It will be remarked, not only that the complementary 
colours are situated at the extremities of a straight line passing 
through the point of intersection of the median lines, but also that 
the new figure is exactly superposable to the first in what concerns 
the position of the intervening colours. We may conclude from 
this that the angular distance of the colours is the same, whichever may 
be the triad employed as starting-point. 


Phil. Mag. 8. 5. Vol. 12. No. 74. Sept. 1881. S 
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This angular distance is therefore determined once for all; but 
not so the form of the table of colours, which is independent of it, 
since the same result can be arrived at with an infinity of triads. 

Which of the triads corresponds to the fundamental sensations ? 
To answer this question we have no longer exact measures to guide 
us, but only eye-estimates. It may in reality be enunciated thus :— 
Are the colours for which the angular distance is the same equidis- 
tant to sight? If the answer is yes, all the triads have the same 
value, and the table of the colours can be represented by a circle. 
If, on the contrary, there are colours equidistant to sight whose 
complementaries appear more distant from or nearer to one another, 
the table of the colours presents angles. 

The study which I have previously made of the distribution of 
the complementary colours in a chromatic circle shows incontest- 
ably that all the colours comprised between the red and the orange- 
yellow have complementaries very near the blue-green, and those 
comprised between the blue and the violet-blue have their comple- 
mentaries very close to the yellow. There are therefore vertices 
towards the violet-blue and the orange. ‘The difference appears to 
me less accentuated for the third yellow-green. 

However it may be with the form of the table of colours, its pro- 
jection upon the sides of an equilateral triangle has permitted the 
determination of the exact angular distance of the colours—a result 
which had not yet been obtained, and which suffices to connect the 
facts at present known. The above diagram represents the law of 
the mixture of colours, and may be substituted with advantage for 
Newton’s rule. 

It has moreover an esthetic meaning: by the determination of 
the triads it gives facility for applymg to arrangements of three 
colours the rules of harmony which I have given for the employ- 
ment of complementary colours in decoration.—Comptes Rendus de 
l Académie des Sciences, July 25, 1881, t. xcii. pp. 207-210. 


ON A METHOD FOR AMPLIFYING DISPLACEMENTS OF THE PLANE 
OF POLARIZATION. BY M. H. BECQUEREL. 

When monochromatic luminous rays pass through a half-wave 
crystal plate, the emergent rays are, as is known, rectilinearly 
polarized in a plane which, in regard to the axis of the crystal plate, 
is symmetric with the plane of polarization of the incident rays. 
This property of a half-wave plate can be utilized for doubling and 
trebling the measures of the displacements of the plane of polari- 
zation of light. This can be accomplished especially in the follow- 
ing manner :— 

Having arranged an experiment for the purpose of measuring a 
rotation of the plane of polarization of light, the investigator com- 
mences by fixing with the greatest care, by means of the analyzer, 
the initial position of the plane of polarization of the incident rays. 
A half-wave plate is then interposed in front of the analyzer and 
rotated until the plane of polarization of the light-rays is not de- 
flected by their passing through the plate. In this position the 
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axis of the crystal plate either coincides with the plane of polariza- 
tion of the rays studied or is perpendicular to it. 

This first determination having been effected, he produces the 
physical phenomenon which will give rise to the rotation sought: 
this will be either the interposition of a substance possessing a 
natural rotatory power, or a magnetic influence, or some other phe- 
nomenon. 

An equal rotation in the opposite direction to that which is really 
produced is then observed through the crystal plate. Upon the 
divided circle in the centre of which the analyzer is mounted, the 
position of the plane of polarization thus observed is determined, 
aud then the half-wave plate is withdrawn. The rays are then 
received upon the analyzer polarized in the direction given them by 
the experiment which was had in view; and this direction is deter- 
mined upon the divided circle. The angle of the two planes of 
polarization, symmetrical with respect to their initial position, is 
double the angle which would have been observed directly (without 
making use of the half-wave plate). 

In this second position the observer can replace the crystal plate 
so that it does not give rise to any new deflection of the plane of 
polarization; and then he stops the phenomenon he is studying. 
The plane of polarization of the rays which have passed through 
the plate, instead of returning to its initial position, is thrown 
symmetrically on the other side of the axis of the plate. The angle 
between the extreme deflections obtained by the different operations 
we have just indicated is treble that which would have been obtained 
by a direct measurement. 

This method can be employed ina great number of circumstances. 
Jt is peculiarly applicable to the system of two planes of polariza- 
tion forming between them a constant angle, such as are obtained 
with a penumbra-polarimeter, especially a cut Nicol. The deter- 
minations are then made with great facility and precision. 

In an investigation in course of execution I have had occasion to 
make use of the experimental arrangement I have just described ; 
and it has given me the best results. 

An ordinary observation consists of two viewings, each suscep- 
tible of an error. The method above explained admits of four 
errors for the double deflection, and six for the triple deflection. 
It is therefore necessary to determine whether the measurements 
thus made possess greater precision than direct measurements. 

If the experimenter placed the axis of the half-wave plate every 
time rigorously in coincidence with the plane of polarization of the 
incident rays, or with the plane that bisects the system with pen- 
umbre, it is evident that the same precision of measurement applied 
to angles twice or thrice as large would diminish in the same pro- 
portion the probable errors. ‘The precision of the method depends 
therefore on the perfection of the preliminary determination. Now, 
with the penumbra-polarimeter, for example, a small divergence 
between the axis of the crystal plate and the plane of symmetry of 
the polarizer gives rise to a variation of twice that amount in the 
relative position of the two planes of polarization ; so that the sen- 
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sitiveness of the observation is considerably augmented, and the 
determination is made with much greater precision than the ordi- 
nary measurements. 

On discussing the perturbing influence of a small difference be- 
tween the real position of the plane of symmetry of the polarizer 
and the initial position of the principal plane of the analyzer, one 
perceives that the error committed in the orientation of the axis of 
the crystal plate is about one half less, and that, if all the viewings 
are made with the same precision, the employment of the foregoing 
method reduces the errors of observation to about three fourths of 
their value for the double, and to two thirds for the triple deflec- 
tions. 

Besides, the observer finds in the different determinations a very 
precious mutual control, permitting him to fix the value of the ap- 
- proximation which the numbers obtained permit. 

The foregoing considerations have induced me to lay before the 
Academy this new method, which permits one, by the mere inter- 
position of a suitably chosen crystal plate, to augment the precision 
of the measurements respecting various phenomena of rotatory 
polarization, the observation of which is sometimes an extremely 
delicate process.— Comptes Rendus de UV Académie des Sciences, July 18, 
1881, t. xciii. pp. 1438-145. 


CHANGE OF STATE: SOLID-LIQUID. 
To the Editors of the Philosophical Magazine and Journal. 
Mason College, Birmingham, 
GENTLEMEN, August 4, 1881. 

In a paper on the Change from the Solid to the Liquid State, 
which appeared in the July number of the Philosophical Magazine, 
I described some experiments on the temperature of melting ice 
when the ice is under much greater pressure than the water in con- 
tact with it. In these experiments I thought I had obtained some 
confirmation of the preceding theory, that the melting-poimt would 
- be lowered much more than when both ice and water are submitted 
to the same perssure. 

I have lately repeated the experiments more fully ; but I do not 


find my previous results confirmed. I can only suppose that they — 


were wrong, and that the error arose from insufficient precautions 
as to the temperature of the thermopile-junction which was placed 
in melting ice. I now find that the water freezes in the pores of 
the sand around the junction placed under the compressed ice. As, 
therefore, the conditions necessary to success are not realized, there 
is no reason to expect any lowering beyond that which takes place 
when both ice and water are submitted to the same pressure. 

I regret that the hasty publication of my previous experiments 
should render it necessary for me to ask you to publish this expla- 
nation. 

IT remain, Gentlemen, 
Yours faithfully, 
J. H. Poynrine. 
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XXX. The Domain of Physiology; or Nature in Thought and 
Language. By T. Sterry Hunt, LL.D., FRS.* 


| Part I.—Aistorical. 

1. Etymology and significance of Physis and Natura. 2. Physical 
Science defined. 3. Physicus and Physiologia. 4. Physic or Natural 
Philosophy; Gower, Locke. 5. Physiology defined. 6. The Greek 
Physiologists; Humboldt. 7. General Physiology; Cudworth, Moore, 
Stewart, Burke, Philosophical Transactions. 8. Special Physiology, 
Glanyil; Mental Physiology, Brown; Reynolds. 9. Physic and Phy- 
siology in Medicine; Chaucer. 10. Physician; Natwrien and Natu- 
riste. 11. Hippocrates; Nature in Medicine. 12. Hippocrates as a 
Natural Philosopher. 15. Alexandria; the Greek and the Arab Phy- 
sicians. 14. The terms Médecin and Mediciner. 

§ 1. ape importance of a correct and well-defined termi- 

nology in science cannot be overestimated, since a 
want of precision in language leads to vagueness in thought, 
and often to errors in philosophy. There are few more stri- 
king examples of indefiniteness in language than can be found 
in the use of the words physic, physiology, and their deriva- 
tives. The material universe is designated with etymological 
correctness as physical (that is to say, natural) —a term which 
belongs alike to the organic and the mineral kingdoms ; but 
in the use of this and of other words having a similar etymo- 
logy (Gr. dvous, Lat. natura) we find in modern language 
many restrictions, limitations, and ambiguities. It will aid 
us in our present inquiry if we bear in mind that both the 

Greek physis and the Latin natura involve the notion of a 
* From advanced sheets communicated by the Author. Essay pre- 

sented to the National Academy of Sciences, and read before it im ab- 

stract, at Washington, April 18, 1881. 
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generation or growth, and that the adjectives physical and 
natural, in their origin, imply the results of a formative pro- 
cess or evolution. The term physis (which we translate by 
nature), as employed by Aristotle, denotes that which is at 
once self-producing, self-determined, and uniform in its mode 
of action. 

§ 2. The substantive physic (vox, physica, physique) 
has been employed by philosophers since the time of Aristotle 
to signify the knowledge of all material nature. “ Physical 
science,” as well defined by Clerk Maxwell at the beginning 
of his little treatise on Matter and Motion, “is that depart- 
ment of knowledge which relates to the order of nature, or, in 
other words, to the regular succession of events. ‘The name 
of physical science, however, is often applied in a more or less 
restricted manner, to those branches of science in which the 
phenomena are of the simplest and most abstract kind, exclu- 
ding the consideration of the more complex phenomena such 
as are observed in living beings.” 

§ 3. To the student of natural phenomena Aristotle gave 
the names of physikos and physiologos. These words were 
adopted in the same sense by the Romans, who made use of 
the substantives physicus and physiologia to designate natural 
philosophers and natural science. Cicero writes of the phy- 
sicus or physician Anaxagoras, and employs the word physio- 
logy to denote “ the science of natural things,” in accordance, 
as he tells us, with Greek usage”. 

§ 4. The earlier English writers followed the Greek and 
Latin usage, and employed the substantive physic (or physike) 
in the same sense as Aristotle. Thus, in the fourteenth cen- 
tury, Gower defines physic as that part of philosophy which 
teaches the knowledge of material things, the nature and the 
circumstances of man, animals, plants, stones, and every thing 
that has bodily substancet. Descartes, in the seventeenth 

* Cicero, Varr. lib. I. R. R. cap. 40: “Si sunt semina in aere, ut ait 
physicus Anaxagoras.” Also De Nat. Deorum, I. 4: “ Rationem naturae 
quam physiologiam Graeci appellant.” In the Totus Latiutatis Lexicon 
of Facciolatus and Forcellinus we find the definition, “ Physiologia, scientia 
quae de naturis rerum disserit, eadem ac Physica.” 

+ Gower, dividing theoretical philosophy into three parts—Theologia, 
Physica, and Mathematica, tells us :— 
“ Physike is after the seconde, 
Through which the philosophre hath fonde, 
To teche sondrie knowlechynges 
Upon the bodeliches thinges 
Of man, of beast, of herbe, of stone, 
Of fish, of fowl, of euerich one 
That be of bodily substance, 
The nature and the circumstance.” 
Confessio Amantis, book vii. 
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century, employed the word (in French physique) with the 
same signification ; and it was subsequently used by Locke in 
a still more comprehensive sense. He writes of “‘ The know- 
ledge of things as they are in their own proper beings, their 
constitutions, properties, and operations; whereby J mean not 
only matter and body, but spirits also, which have their proper 
natures, constitutions, and operations, as wellas bodies. This, 
in a little more enlarged sense of the word, I call dvovxn, or 
natural philosophy’’*. 

§ 5. We have seen that in Latin the words physic and phy- 
siology were usedsynonymously. That they were thus under- 
stood by English writers is apparent from the ‘ Universal 
English Dictionary ’ of Edward Phillips (sixth edition, 1706), 
where Physiology is defined as ‘‘ a discourse on natural things; 
physics or natural philosophy ; being either general, that 
relates to the affections or properties of matter, or else special 
and particular, which considers matter as formed or distin- 
guished into such and such species.” Cotgrave, a lexicogra- 
pher of the seventeenth century, in his ‘ French and English 
Dictionary,’ also defines Physiologie as “a reasoning, dispu- 
ting, or searching-out of the nature of things,” a definition 
which is cited by Charles Richardson in his ‘ English Dictio- 
nary, under Physiology. 

§ 6. It was to those who occupied themselves with abstract 
or general physiology (as defined by Phillips) that the Greeks 
gave the name of physiologists, first applied to the philoso- 
phers of the Jonian school, who sought to derive all things 
from one or more material elements, and thus had a physical 
basis for their system of the universe, as distinguished from 
the school of Pythagoras, whose system was based on numbers 
and forms. Of Empedocles, the author of a didactic poem on 
Nature, in which we first find enunciated the doctrine of the 
four elements (fire, air, earth, and water), Aristotle, in his 
Poetics, makes the criticism that he was more of a physiolo- 
gist than a poet. Humboldt repeatedly employs the word 
physiology and its derivatives in the same general sense. 
Thus, he writes of “ the natural philosophy of the lonian phy- 
siologists ’’ (Phystologien), which “ was devoted to the funda- 
mental ground of origin, and the metamorphoses 0i one sole 
element;” of the “ physiological fancies of the Ionian school,”’ 
and of the teachings of Anaxagoras of Clazomene, “in the 
latter period of development ofthe Ionian physiology” }. Of 
Anaxagoras it may be observed that his views marked a great 
advance over those of his predecessors, and that he merited 


* “Human Understanding,’ book vii. c, 21. 
+ Cosmos, Otte’s translation, Harper's ed. ii. p. 108, and ili, p. LI. 
T2 
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the encomium pronounced by Aristotle that he was the first 
philosopher who had written soberly of nature. _ 

§ 7. We find the word physiology and its derivatives em- 
ployed in the same general sense by English writers in the 
seventeenth century. Thus, Cudworth speaks of “the old 
physiologers before Aristotle,” and writes “'They who first 
theologized did physiologize after this manner, inasmuch as 
they made the Ocean and Tethys to have been the original of 
generation”’*; while Henry Moore says, “ It will necessarily 
follow that the Mosaical philosophy, in the physiological part 
of it, is the same with the Cartesian’’t. Coming down to 
later writers, we find the word physiologist used in a general 
sense, as equivalent to our modern term naturalist. Thus, 
Dugald Stewart calls Cuvier “the most eminent and original 
physiologist of the present age; and Burke writes, “ The 
national menagerie is collected by the first physiologists of the 
time’’t. | 

We may note in this connexion the two series of abridg- 
ments of the Philosophical Transactions of the Royal Society— 
the first, from its commencement to 1700, and the second, to 
1720, both published with the imprimatur of Newton, as presi- 
dent of the Society. In these collections the classification of 
the papers is as follows :—(1) “d/athematical,” including pure 
and applied mathematics; (2) “Physiological,” embracing 
all meteorological phenomena, tides, terrestrial magnetism, 
mineralogy, geology, botany, zoology, and the study of the 
physical world in general. Subjects relating to the human 
body, however, such as anatomy and medicine, were excluded 
from part 2, and, with chemistry, made a first division of 
part 3, in the second and last division of which were included 
philological and miscellaneous papers. 

§ 8. Of the ‘special and particular physiology,” as distin- 
guished by Phillips,‘we have an example in Glanvil, who, in 
the seventeenth century, writes of the physiology of comets§. 
The citation from Burke, identifying physiologists with zoolo- 
gists, may also perhaps be taken as an example of a special 
use of the word ; while in later times we have come to speak 
of Vegetable Physiology, Animal Physiology, Human Phy- 
siology, and even of Mental Physiology, a term employed by 

* “Intellectual System,’ pp. 120, 171. 

+ ‘Philosophical Cabbala,’ Appendix, ¢, 1. 

{ Stewart, ‘Philosophy of the Human Mind,’ ii. c. 4; and Burke, 
‘Letter to a Noble Lord.’ 

§ “So that we need not be appalled at blazing stars, and a comet is no 
more ground for astrological presages than a flaming chimney. The un- 
paralleled Descartes hath unravelled their dark physiology, and to wonder 
solved their motions.” (Jos. Glanvil, ‘Scepsis Scientifica,.... an Essay 
on the Vanity of Dogmatizing,’ 1665, c. xx.) 
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Dr. Thomas Brown of Hdinburgh*, who speaks of “ physio- 
logy corporeal or mental’’f. 

§ 9. There is an example of a special application of the 
words physiology and physic which requires further conside- 
ration. We have already cited Cotgrave’s first definition of 
the word Physiologie, to which he adds, as a secondary mean- 
ing, “ anatomizing physic, or that part of physic which treats 
of the composition or structure of man’s frame.” In more 
recent times, however, the term has come to mean, not the 
anatomy, composition, or structure of the human frame, but 
its functions, to which signification physiology is, in popular 
language, limited, though now by didactic writers extended to 
include the functions of the lower animals, of plants, and even 
of the human mind. 

The word physic, as we have seen, was used by Gower in 
the general sense of a knowledge of all material things ; but 
his contemporary, Chaucer, employed it, in a special and 
restricted sense, to designate the science of medicine. ‘Thus, 
he calls his practitioner of the medical art “a doctor of physic,” 
and in his description of this personage adds that “ gold in 
physic is a cordial” {. Subsequently, and to our own time, 
we find the term applied, in Chaucer’s. sense, alike to the art 


* The grounds upon which Brown based this extension of the term 
physiology may be gathered from the following passages :—“ There is, in 
short, a science which may be called mental physiology, as there is a science 
relating to the structure and offices of our corporeal frame to which the 
term physiology is more commonly applied.” He further speaks of the 
“physiology of the mind, considered as a substance capable of the various 
modifications or states which, as they succeed each other, constitute the 
phenomena of thought and feeling ;” and declares that “the mind is as an 
object of study..... to be comprehended, with every other existing sub- 
stance, 7m a system of general physics.” (Brown, ‘The Philosophy of the 
Human Mind,’ Lectures I., I1., and V.) 

T Since the writing of this essay, Prof. Osborne Reynolds, in ‘ Nature’ 
for June 9, 1881 (vol. xxiv. page 123), has made‘a happy use of the word 
in question, in writing of the locomotive engine of George Stephenson, 
of which he says, “the physiology of the machine resembled that of the 
human system;” while he speaks of its inventor as “he who produced 
the locomotive physiologically perfect.” 


{ “ With us there was a doctour of phisik, 
In all the world ne was there non him lyk 
To speke of phisik and of surgerye, 
For he was grounded in astronomye. 


He knew the cause of every maladye, 

Were it of hot or cold or moyste or drye, 

And where engendered and of what humoure ; 
He was a very parfight practisour. 


Well knew he the old Esculapius, 
And Dioscorides, and eke Rufus, 
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of healing and to its medicaments. If we search for the origin 
of this peculiar use of the word physic, we shall find it em- 
ployed with the same meaning in medizeval Latin™. In French 
also, according to Littré, the term physique was in the thir- 
teenth century applied to the science of medicine, the profes- 
sors of which were then called physicienst, a designation which 
they kept till the time of Rabelais, and, as we know, still 
retain in Hnglish, though the term physicien is at present ap- 
plied in French only to students of physical science in the 
restricted sense mentioned in § 2, including what, in didactic 
phrase, is now called physique in French and physics in 
EKnglish. | 

§ 10. It is a curious inquiry how these terms came to have 
this restricted use in the middle ages, and how the name of 
physicus or physician, originally applied to the student of ma- 
terial things—and by pre-eminence to Anaxagoras of Clazo- 
mene, who was called “ the physician ”’ (6 @votxos)—came to 
signify in medizeval France and England the medicus, médecin, 
or mediciner—the master of the art of healing diseases in the 
human frame. Menage assigns as a reason for this, that the 
art “ consists principally in the contemplation of nature;” and 
in this imperfect statement will be found the answer to our 
inquiry, upon which much light is thrown by the use, in 
medizeval times, of the words naturien and naturiste. Naturient, 
which is found in the fourteenth century, both in English and 
in French, is etymologically equivalent to physicien, and was 
applied to certain professors of the art of healing, being appa- 


Old Hippocras, Hali and Gallien, 
Serapion, Rasis and Avicen, 
Averrois, Damascene and Constantin, 
Bernard and Gatisden and Gilbertin. 


For gold in phisik is a cordial. 
Therefore he loved gold in special.” 
CHAUCER, Canterbury Tales, Prologue. 


* Du Cange, Glossarvum ad Scriptores mediae et infimae Latinitatis, 
ed. Herschel, sub voce Physica. 

+t “Nous établissons.... un fisicien juré et pensionnaire du couvent.” 
(Réglement de l’Abbaye Royale de Soissons, A.D. 1282; cited by Menage, 
Dictionnare Etymologique, sub voce Physicien.) 

t The following satirical rhyme of the fourteenth century is cited by 
Littré, in his Dictionnaire, sub voce Naturien :— 

“Ou le physicien fait fin, La commence le médecin. 
Supposant pour physicien, Le trés-savant naturien.” 


Gower, who uses the word more than once, writes :— 


“ And thus seyth the naturien, 
Which is an astronomien.” 
Confessco Amantis, book vii. 
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rently synonymous with naturiste, which, as stated by the 
learned Littré in his Dictionnaire, meant “a mediciner who 
practised expectant medicine—that is to say, who trusted to 
the conservative influences of nature to heal his patient.” 

§ 11. For the origin of the physician or naturian in medi- 
cine, we must go back more than twenty centuries, to the great 
Hippocrates, justly styled the father of medicine. It was a 
maxim of his school that “ nature is the healer of diseases ’’* ; 
and himself it was who wrote of medicine, that “the art con- 
sists in three things—the malady, the patient, and the medi- 
ciner. The mediciner is the servant of nature, and the patient 
must help the mediciner to combat the disease’’f. 

Nature, in the language of the time, was spoken of as a vis 
medicatrix, or healing power; but Virchow justly remarks 
that, from a careful perusal of the works left us by the great 
master, we cannot doubt that by nature he meant the whole 
bodily constitution of man. Hippocrates insisted upon a treat- 
ment of diseases based not upon magic nor upon supernatural 
agencies, but upon the belief that nature works according to 
a divine necessity ; in other words, he taught a system of pa- 
thology founded on the recognition of physical laws, which he 
opposed to the superstitious notions of his caste and his age. 
The iatros, or mediciner, was henceforth no longer a magician, 
nor a priest, but a physiologist, physician, or naturist, seeking 
for healing agencies in the study of the physical organization 
of the patient. The pathology of the Dogmatists, who were 
. the disciples of Hippocrates, was based upon a knowledge of 

the structure and functions of the human organism, and of the 
structural and functional modifications produced alike by 
disease and by the action of drugs. 

§ 12. But Hippocrates had still another claim to the title 
of physician or physiologist, since, not content with studying 
the physical constitution of man, he insisted upon the import- 
ance of a knowledge of all his relations to external nature. In 
his celebrated treatise ‘On Airs, Waters, and Localities,’ Hip- 
pocrates declares that whoever would understand medicine, 
must study the movements of the heavenly bodies and all 
meteorological phenomena, together with physical geography, 


* Novoay dictes intpoi, Hippocrates, Epidem. book vi. sec. 5. 1. 

+ Epidem. book i., sec. 2,5. The received text makes the mediciner 
“the servant of the art ;”” but Galen, in his ‘Commentary,’ tells us that 
some manuscripts in his time had, instead of 6 inrpds tanperns rhs TéExvNS, 
the word vous for réyvns. This latter reading I have followed, as 
more consonant with the previously cited dictum; for if “nature is the 
healer of diseases,” the mediciner must be “the servant of nature.” See 
Adams’s ‘ Genuine Works of Hippocrates,’ vol. i. p. 860, note; also Littré’s 
‘Hippocrates,’ vol. ii. 2 loco, 
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including climate, soil, vegetation, rocks, minerals, and 
waters; to which he adds that the mediciner, if he would pre- 
serve the health of his patients and succeed in his art, must 
investigate “every thing else in nature’’*. 

§ 13. The teachings of Hippocrates and his followers were 
maintained in the school of Alexandria, where, we are told, 
the studies were arranged in four divisions or faculties— 
letters, mathematics, astronomy, and medicine; under which 
last, as we know from the history of the Museum, were in- 
cluded botany, geology, chemistry, optics, and mechanics. 
The learning of the Alexandrian school was preserved by the 
Jews and the Nestorians, and by them handed down to the 
Arabians, who brought it with them into Southern Europe. 
It suffices to speak of Djafar, Rhazes, Avicenna, and, later, of 
the schools of Salerno, Cordova, Montpellier, Narbonne, and 
Arles, where were gathered together men famed alike in 
medicine, anatomy, zoology, botany, optics, mechanics, and 
astronomy, who merited in the widest sense the name which 
they then bore, of physicians; since they were not simply 
iatrophysicians, but philosophers who had taken all natural 
science for their province. Draper, speaking of the Arabians 
of that age, says: —‘ Their physicians were their great philo- 
sophers ; their medical colleges were their foci of learning.” 
‘“‘Arab science emerged out of medicine; and in its cultivation 
physicians took the lead, its beginnings being in the pursuit 
of alchemy”’f. Itis to be noted that Chaucer’s doctor of 
physic (§ 9) was not only learned in astronomy and read in 
the works of the Greeks, Hippocrates, Galen, Rufus, and 
Dioscorides, but knew well those of Ali, Avicenna, Averroés, 
Rhazes, and Damascenus, all of them renowned Arab medi- 
ciners and natural philosophers. 

§ 14. The French language, as we have seen, soon came to 
distinguish between the physician and the professional healer 
of diseases. From medicare came the medizeval Latin verb 
medicinare, whence the French verb médeciner and the sub- 
stantive médecin, corresponding to which we find in German 
and in English the substantive mediciner. Sir Walter Scott 
puts into the mouth of King Richard the words “ It is unbe- 
coming a mediciner of thine eminence to interfere with the 
practice of another’’{; and Jamieson gives a Scotch proverb, 
‘‘ Live in measure and laugh at the mediciners”’§. It is to 

* Hippocrates ‘On Airs, Waters, and Localities,’ sections 1-8. 

+ Draper, ‘ Intellectual Development of Europe,’ i. c. 18; ii. ¢. 4. 
t ‘The Talisman,’ chan. xviil. 
§ Jamieson’s Scottish Dictionary has Medcinare, Medicinar, and Medi- 


ciner, meaning the practitioner of medicine, thus showing a derivation 
from the Latin verb medzemare, the second vowel being dropped in the first 


form, 
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be wished that this word were generally adopted in our speech, 
since the name of physician is now given to empirics who, 
whatever their claims to be curers, mediciners, or medicasters, 
have no right to be called physicians. The antagonism between 
the two schools is humerously shown in the old French quatrain 
cited in the note to § 10. 


Part II.—Philosophical. 


15. The term Physics and Physical. 16. Carpenter and Tyndall. 17. Thom- 
son and Tait; Clifford; Dynamics and Dynamicist. 18. Chemism, 
theory of chemical changes. 19. The Chemical process defined. 
20. The Unity of Force; universal Animation. 21. Organized Matter ; 
Biotics. 22. Physiography and Physiology. 23. The Activity of 
Protoplasm. 24. Graham and Herbert Spencer on Colloids. 25. Bar- 
ker on Vital Phenomena. 26. Biophysiology; scope of General 
Physiology. 27. Physiography; Huxley; Humboldt’s Cosmos. 
28. Physiophilosophy of Oken; Stallo. 29. Oken’s system defined. 
30. Physiographical and Physiological Botany. 31. Physiographical 
Mineralogy. 382. Structural Mineralogy and Mineral Physiology. 
Appendix: Newton. 

§ 15. Having in the first part of this essay considered the 
words physic, physiology, and physician etymologically and 
historically, we proceed to notice them in their application by 
modern writers. We have already seen that the term phy- 
sical science is often restricted to those phenomena which are 
common to organized and unorganized matter (§ 2). The 
study of these is now generally designated in didactic lan- 
guage as physics, or in French physique—the votary of such 
studies being called in Hnglish a physicist, and in French a 
physicien. 

Physical, as an adjective, however, is used in a wider sense 
than the above when applied to organized beings. It then 
designates their organism and all pertaining thereto, as in the 
expression the physical life of man, or in the common tauto- 
logical phrase “ man’s physical nature.” 

§ 16. While the word physic, or rather physics, is in 
modern English generally limited to the study of the pheno- 
mena of the inorganic world, the once synonymous term phy- 
slology has come to mean, both in Hnglish and in French, 
the study of the organic functions of plants and animals (and, 
by an extension of the term, that of the functions of the human 
mind), which are designated as physiological in contradistine- 
tion to the so-called physical phenomena of inorganic nature. 
Hxamples of these limitations respectively of the words physic 
and physiology and their derivatives are familiar to every 
reader. Thus, William B. Carpenter constantly distinguishes 
between physical, chemical, and vital forces, the considera- 
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tion of the latter only, according to him, belonging to phy- 
slology*. 

On the other hand, we find well-known writers employing 
the word physical and its congeners indifferently in their 
wider and their more restricted meanings. Thus, in his 
address before the British Association for the Advancement 
of Science at Belfast, in 1874, Tyndall, in discussing the acti- 
vities of the animal, speaks successively of ‘‘ the work of the 
physicist, ... the comparative anatomist, and the physiolo- 

ist.” Following this, the influence of the nervous system 
“over the whole organism, physical and mental,” is spoken of; 
and a few lines further on, “the physical life dealt with by 
Mr. Darwin” is distinguished from “a psychical life ;” 
while in the next paragraph we read of “ organisms whose 
vital actions are almost as purely physical ’’ as the coalescence 
of drops of oil suspended in a watery medium of the same 
density in the classic experiments of Plateaut. In the first 
citation the investigations by the dynamo-physicist of the 
nervous and muscular activities of the animal are distinguished 
from those of the biologist. In the second and third cita- 
tions the physical organism and the physical life are distin- 
guished, not as in the preceding, from the chemical and vital 
(which they evidently include), but from the mental organi- 
zation and the psychical life; while in the fourth the anti- 
thesis is between physical, in the sense of dynamical, on the 
one hand, and chemical and vital processes on the other. 

§ 17. Thomson and Tait, in their treatise on Natural 
Philosophy, wherein are considered only those simpler phe- 
nomena of matter which are neither chemical nor vital, 
employ the term Dynamics for the forces thus manifested, 
and divide the study of them into Kinetics and Statics, or the 
phenomena of actual motion and of rest. Some writers have 
used. static as the antithesis of dynamic (see further, § 24); 
but statics, as implying simply equilibrium, are, as W. K. 
Clifford has well remarked, “ but a particular case of kine- 
tics,” and hence are to be included with the latter under the 
common title of dynamics. Thomson and Tait consider under 
this head, besides the phenomena of ordinary motion, the 
vibrations which produce sound, and those motions by which 
we seek to explain the phenomena of temperature, radiant 
energy, and electricity and magnetism. The whole of the 
phenomena to which, in the modern and restricted sense, the 
name of Physics is generally applied, are thereby included 

* “ Relation of the Vital to the Physical Forces,” Philosophical Tran- 


sactions, 1850, p. 727. 
+ Tyndall’s Belfast Address, Appleton’s ed., pp. 50 & 51. 
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under the head of dynamics—a term which is thus employed 
not only by the authors just cited, but by Clerk Maxwell, 
Helmholtz, and Clifford*, and will be so used in the following 
pages, while the term dynamicist will replace physicist. © 

§ 18. Dynamics in the abstract regard matter in general, 
without relation to species, the genesis of which is the office 
of the chemical process or chemism. This gives rise to mine- 
ralogical, or so-called chemical, species, which, theoretically, 
may be supposed to be formed from a single element or 
materia prima by the chemical process. 

‘“ Tt is necessary to distinguish between the production of 
new species differing in physical characters { and that repro- 
duction which belongs to organic existences. ‘The distinction. 
arises from that individuation which marks the results of 
organic life, and is eminently characteristic of its higher 
forms. The individuality, not only of the organism, but of 
its several parts, is more evident as we ascend the scale of 
organic life, while inorganic bodies have a specific existence, 
but no individuality; division does not destroy them. Crys- 
tallization is a commencement of individuation.” 

“That mode of generation which produces individuals like 
the parent can present no analogy to the phenomena under 
consideration; metagenesis, or alternate generation, and meta- 
morphosis are, however, to a certain extent, prefigured in the 
chemical changes of bodies. ‘Their metagenesis is effected in 
two ways—by condensation and union, on the one hand, and 
by expansion and division, on the other. In the first case, 
two or more bodies unite and merge their specific charac- 
ters in those of a new species. In the second case, this pro- 
cess is reversed, and a body breaks up into two or more new 
species. Metamorphosis is, in like manner, of two kinds: in 
metamorphosis by condensation only one species is concerned; 
and in metamorphosis by expansion the result is homogeneous 
and without specific difference. The chemical history of 
bodies is a record of these changes; it is, in fact, their 
genealogy.” 

“The processes of union and division embrace by far the 
greater number of chemical changes, in which metamorphosis 
sustains a less important part. By union, we rise to indefi- 
nitely higher species; but in division a limit is met with in 
the production of species which seem incapable of further 


* W. K. Clifford, ‘ Eissays,’ ii. p. 17. This author, following the French 
usage, employed the substantive Dynamic ina treatise on the subject thus 
entitled ; but the plural form, Dynamics, is preferable, as serving to dis- 
tinguish it from dynamic used adjectively. 

+ That is to say, differing in dynamic relations. 
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division ; and these, being regarded as primary or original 
species, are called chemical elements. These two processes 
continually alternate with each other; and a species produced 
by the first may yield, by division, species unlike its parents. 
From this succession results double decomposition or equiva- 
lent substitution, which always involves a union followed by 
division, although, under the ordinary conditions, the process 
cannot be arrested at the intermediate stage.”’ 

§ 19. I have quoted the three preceding paragraphs from 
an essay published by myself in 1853, on the Theory of 
Chemical Changes. Therein I also wrote, ‘‘ Chemical combi- 
nation is interpenetration, as Kant has taught. When bodies 
unite, their bulks, like their specific characters, are lost in 
that of the new species.” In 1854, however, in an essay 
entitled ‘Thoughts on Solution’*, I declared, with regard 
to Kant’s view, that “ The conception is mechanical, and 
therefore fails to give an adequate idea. The definition of 
Hegel, that the chemical process is an identification of the 
different and a differentiation of the identical, is, however, com- 
pletely adequate. Chemical union involves an identification 
not only of the volumes (interpenetration mechanically consi- 
dered), but of the specific characters of the combining bodies, 
which are lost in those of the new species. ... We may say 
that all chemical union is nothing else than solution; the 
uniting species, are, as it were, dissolved in each other, for 
solution is mutual.” 

The above considerations will serve to show the essential 
nature of chemism, a process resulting in the genesis of che- 
mical species, which are mineral or inorganic. 

§ 20. The force involved in the chemical process manifests 
itself as radiant energy and electricity; and there is appa- 
rently a tendency among modern dynamicists to confound 
these activities with chemism itself, and thus to lose sight of 
_ the essential significance of the chemical process as already 
defined. Thus Clifford wrote of molecular motion, “ which 
makes itself known as light, or radiant heat, or chemical 
action ’’ t; while Faraday was wont “ to express his conviction 
that the forces termed chemical affinity and electricity are one 


* Of the two essays above quoted, the first appeared in 1853, in the 
American Journal of Science for March, and also in the Philosophical 
Magazine [4] v. p. 526, and also, translated into German, in the Che- 
misches Centralblatt for 1853, p. 849. The second was published in the 
American Journal of Science for January 1854, and also in the Chemical 
Gazette for 1855, page 90. Both will be found in the author’s volume of 
€ Chemical and Geological Essays,’ in which, for the extracts here given, 
see pages 427, 428, and 450. 

t W. K, Clifford, ‘Essays,’ ii. p. 17. 
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and the same.”’ Helmholtz, from whom I here quote, adds :— 
“JT think the facts leave no doubt that the very mightiest 
among the chemical forces are of electrical origin; ... but I 
do not suppose that other molecular forces are excluded, 
working directly from atom to atom’’*. 

The activities which appear in dynamic and in chemic 
phenomena are one in essence; for force is one. The same 
is true of the activities manifested in organic growth, and 
even in thought; but the unity and mutual convertibility 
of different manifestations of force afford no ground for con- 
founding, as some would do, dynamics with chemics, or with 
vital or mental processes. Ali of these phenomena are but 
the evidences of universa! animation, or,in other words, of 
an energy which is inherent in matter, the manifestations of 
which, as matter rises to higher stages of development, become 
more complex, as organic individuals are themselves more com- 
plex than mineral forms. 

§ 21. From the process which generates chemical species 
we pass to that which gives rise to organized individuals, in 
which appear a new class of phenomena, distinguished alike 
from those of dynamics and those of chemism. ‘These new 
manifestations, which are called vital, involve dynamical and 
chemical activities, but display, in addition to these, still 
higher ones. Matter on this more elevated plane not only 
becomes individualized, but adapts itself to external condi- 
tions by organization, and exhibits in the resulting forms the 
power of growth by assimilation and of reproduction. The 
study of these forms in all their relations is the object of 
Biology. Organogeny, or the process of morphological 
growth and development, distinguishes the biological from 
the mineralogical individual. The activities of the crystal are 
purely dynamic ; and its crystalline individuality must be de- 
stroyed before it can become the subject even of chemism; 
while the plant and the animal exhibit not only dynamical 
and chemical, but organogenic activities, which last are desig- 
nated as vital phenomena. The study of these constitutes a 
third division of physics, which may be conveniently desig- 
nated as Biotics (from Svotixos, pertaining to life), and have 
to do with organic growth, development, and reproduction 
—activities which do not appear in the mineral kingdom. 

Mineralogy is the science of inorganic matter, and studies 
its dynamical and chemical relations; while Biology, which 
is the science of organic matter, adds to these the study of 
biotic relations. The dynamic and chemic activities which 


* Helmholtz, The Faraday Lecture, April 5, 1881; abstract prepared 
by its author, ‘Nature,’ vol. xxiii. p. 539, 
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in the mineral kingdom give rise to the crystalline individual 
are therein in static equilibrium. The organic individual, on 
the contrary, is kinetic, and maintains its equilibrium only By. 
perpetual adjustment with the outer world. 

§ 22. General physic, or the study of nature, presents itself 
under a twofold aspect, ‘the historical and the philosophical ; 
the former gives rise to physiography, while to the latter 
the name of physiology more properly belongs. Physio- 
graphy describes specific and individual forms and their ex- 
ternal relations; while physiology investigates the processes 
by which these forms are produced, and gives us the logic of 
nature. The physiology of matter in the abstract is dyna- 
mic; that of mineral forms is both dynamic and chemic ; 
while that of organic forms is at once dynamic, chemic, and 
biotic. 

Nature in all its manifestations constitutes a unity; and it 
is the object of general physiology to study the process of crea- 
tion in the material world from primal matter upward through 
its various forms until it attains to organization, and at length, 
in man, to self-consciousness, where the domain of physiology 
ends and that of psychology begins. 

§ 23. In accordance with the views here enunciated, all 
matter is in a sense living, “ all movement is radically vital’, 
though we, in common language, refuse the designation of 
vital to those lower forms of material activity which appear 
in dynamic and chemic phenomena, reserving it for such as 
are supposed to be peculiar to organized torms, which, to pre- 
vent misconception, I have called biotic. When matter, 
through chemism, attains the condition of protoplasm, which 
may be chemically described as a colloidal albuminoid united 
with more or less water, it begins to exhibit that form of 
activity which we term vital or biotic. “ The mobility and 
the spontaneous movements of this substance,” says Allman, 
“ result from its proper irritability. From the facts, there is 
but one legitimate conclusion, that life is a property of proto- 
plasm ” f. 

§ 24. Many of the peculiar characters of protoplasmic 
matter appear to be common to chemical species in the col 
loidal condition. The remarkable properties exhibited by 
colloids led their discoverer, Graham, twenty years since, to 
declare, ‘‘ The colloidal is, in fact, a dynamical [kinetic] state 
of matter, the erystalloidal being ‘the statical condition. ‘The 
colloid possesses Energia; it may be looked upon as the pro- 

* Stallo, ‘Philosophy of Nature,’ p. 66, 


+ Allman, Presidential Address before the British Association for the 
Advancement of Science, in 1879. 
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bable primary source of the force appearing in the phenomena 
of vitality. To the gradual manner in which the colloidal 
changes take place (for they always require time as an ele- 
ment) may the characteristic protraction of chemico-organic 
changes also be referred ’’*. 

Following Graham, Herbert Spencer has noted that plia- 
bility, elasticity, the power of absorbing water with change of 
bulk, and the phenomenon of osmosis, the whole of which are 
well designated by him as showing sensitiveness to external 
agencies which are mechanical or quasi mechanical—are pos- 
sessed in common by mineral colloids and by organized sub- 
stances. These phenomena are examples of that “ continuous 
adjustment of internal relations to external relations’? which 
characterizes organic lifet. When the chemist shall have 
succeeded by his synthesis in producing a colloidal albuminoid 
having the same chemical constitution as protoplasm, there is, 
as Barker has well said, reason to expect that it will exhibit all 
the phenomena of life which appear in the protoplasmic matter 
common to plants and animals. 

§ 25. Barker has, in this connexion, asked the important 
question, What are we to understand by organic life, and 
what is the true meaning of vital as applied to a function? f 
If, with him, we answer, following Kiiss, “ Life is all that 
cannot be explained by dynamics and chemism,”’ we shall find, 
restricting our inquiries to the animal economy, that a large 
part of the phenomena commonly called vital, and, as such, 
included under the head of animal physiology, are dynamic 
or chemic. The law of the conservation of energy applies as 
rigidly to a living animal as to a thermic engine; and the 
amount of work done or of heat evolved is measured by food 
consumed in the former as itis by the fuel burned in the latter, 
the energy manifested in both cases being dependent on the 
oxidation ofcarbon and hydrogen. Recent inquiries go far to 
confirm the view that muscular contraction is electrical, and 
that electrical manifestation in the muscles is, as in our ordi- 
nary batteries, dependent on chemism. ‘The tendency of late 
investigations is to bring nervous activity into the same cate- 
gory; and the electrical nature of capillarity has been shown 
by Draper and by Lippmann. The animal circulation is a 


* Thomas Graham, ‘Chemical and Physical Researches,’ p. 554, from 
Philosophical Transactions for 1861, p. 183. 

T soon Spencer, ‘ Principles of Biology,’ vol. i. part 1, chapters 1 
and 2. 

{ George F. Barker, Address as President of the American Association 
for the Advancement of Science, Boston, August 1880. I have in this 
paragraph closely followed Professor Barker's argument. 
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mechanical result of muscular contraction; the aération and 
the coagulation of the blood, and the process of digestion, are 
chemical ; while absorption finds an explanation in the pheno- 
mena of diffusion and osmosis. 

When the energy which isin matter is manifested without 
reference to species, we call it simply dynamics; when it 
results in the production of mineral species, we call it chemics, 
or chemism ; and when it gives rise to organisms, which may 
be defined as kinetic individuals, we distinguish it as vital, or 
biotic. In matter we must recognize with Tyndall, “‘ the pro- 
mise and the potency of all terrestrial life’. 

§ 26. It follows, from what has been said, that the word 
physiology, as popularly limited to the functions of living 
beings, is made to include many phenomena which are not 
biotic, but are common to the organic and mineral kingdoms, 
and that we need some further definition to distinguish those 
which are characteristic of organic life. I therefore venture 
to designate the study of these by the distinctive name of 
Biophysiology; while those phenomena which are recognized 
as simply dynamic, or dynamic and chemic, whether mani- 
fested in organisms or in mineral species, may be included 
under the name of Abiophysiology. 

General physiology comprehending these two divisions, will 
thus be restored to its original and proper signification, as an 
inquiry into the reason of all things in the material universe, 
and as distinguished from physiography, whose province is 
the description of universal nature. Scientific precision 
demands a reform in our terminology, and requires us to 
extend the name of physiology once more to the processes and 
the activities of the three kingdoms of nature. The inorganic, 
not less than the organic, world has its physiology. On 
the other hand, the study of mind and spirit and the pheno- 
mena of consciousness, which Locke and Thomas Brown in- 
cluded under the head of physic and physiology, should be 
relegated to the domain of psychology. 

§ 27. The kindred term physiography is now correctly 
employed in a general sense, with a meaning coextensive with 
that which we claim for physiology. A great living teacher, 
Prof. Huxley, has given us, under the title of ‘ Physiography, 
an Introduction to the Study of Nature,’ an elementary trea- 
tise wherein, after describing the rocks, the waters, and the 
atmosphere, which make up the inorganic portions of the 
earth, he proceeds to consider the growth and development of 


* Address as President of the British Association, Belfast, 1874, (Ap- 
pleton’s ed.) p. 59. 
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plants and animals, arid their relations to each other and-to 
the mineral kingdom, and concludes with an account of the 
astronomical relations of our planet asa part of the solar 
system. ) 

It was the conception of the essential unity of nature, with- 
out which a true science is impossible, which inspired Hum- 
boldt to attempt, in his Cosmos, a complete physiography, 
which was to be “‘a physical description of the universe, em- 
bracing all created things in the regions of space and in the 
earth.”” Humboldt elsewhere speaks of “ the idea of vitality 
oe ee so intimately associated with that of the existence of 
the active, ever blending natural forces which animate the ter- 
restrial sphere,” and, recalling the fact that the imorganic 
erust of the earth includes the same chemical elements that 
enter into the structure of animal and vegetable organisms, 
adds :—‘‘ A physical cosmography would therefore be incom- 
plete if it were to omit a consideration of these forces (and of 
the substances that enter into solid and liquid combinations in 
organic tissues under certain conditions), which, from our 
ignorance of their actual nature, we designate by the vague 
term of vital forces. The natural tendency of the human mind 
involuntarily prompts us to follow the physical phenomena of 
the earth through al! their varied series, until we reach the 
final stage of the morphological evolution of vegetable forms, 
and the self-determining powers of motion in animal orga- 
nisms’’*. 

§ 28. The necessary complement to a scientific physiography 
is thus,as Humboldt has here pointed out, a philosophy of the 
material universe, or, in other words, a general physiology. 
The most complete attempt at thus systematizing nature 1s 
that of Lorenz Oken, who divided all philosophy into Pneu- 
matophilosophy and Physiophilosophy, corresponding respec- 
tively to Spirit and to Nature. Physiophilosophy, as defined 
by him, is the science of the conversion of spirit into nature, 
and has for its object to show how, and in accordance with 
what laws, the material universe has been formed ; to portray 
the first periods of the world’s development from naught ; to 
show how the heavenly bodies and the chemical elements ori- 
ginated ; in what manner, by self-evolution into higher and 
manifold forms, these generated mineral species became at 
length organic, and in man attained to self-consciousness. 

Physiophilosophy is therefore the generative history of the 
world, or, in other words, the history of the process of crea- 


* Humboldt’s Cosmos, Otte’s translation, Harper's edit. 1851, author’s 
preface, p. vill, and vol. i. pp. 339-841. 
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tion. It aims, in the language of Stallo, to describe ‘the 
genetic evolution of the material world—therefore also its 
first origin in naught, and its subsequent development up to 
its limit, man, who is a complex of all preceding forms, in- 
cludes all particular developments, and is, as it were, the focus 
where all the various tendencies of nature converge..... In 
man all external activities, all divine ideas are gathered ;”’ and 
thus it is that, in the words of the poet, he is enabled “ to think 
again the great thought of the creation’’*. 

§ 29. The origin of matter itself, Hylogeny, belongs to 
Pneumatophilosophy. The genetic process in the primal un- 
differentiated matter, with which Physiophilosophy first con- 
cerns itself, is by Oken considered under the two heads of 
Ontology and Biology. The successive steps in the ontolo- 
gical process are :—first, Cosmogony, or the fashioning of the 
heavenly bodies from the previously formed matter; followed 
by the genesis therefrom of the chemical elements—Stoichio- 
geny. ‘These elements give rise to mineral species, which 
together make up the earth—Geogeny. Biology, which has 
for its object the study of the organic world, is by Oken 
divided into Organogeny with its subdivisions, and Phyto- 
sophy and Zoosophy, treating respectively of the development 
of plants and animals. In the organism we have a ‘“ combi- 
nation of all the activities of the universe in a single indivi- 
dual body.”” The inorganic and the organic worlds are not 
only in harmony with each other, but are one in kind. Man, 
in whom self-consciousness or spirit manifests itself, repre- — 
sents the whole universe in miniature fF. ' 

§ 30. The Physiophilosophy of Oken, of which we have 
given an outline, is thus identical in its aim and its plan with 
the earlier attempts of the Greek philosophers to which the 


* “Schon ist, Mutter Natur, deiner Erfindung Pracht 
Auf die Fluren verstreut; schéner ein froh Gesicht 
Das den grossen Gedanken 
Deiner Schépfung noch einmal denkt.” 
Kuopstock, Ode; Der Ziirchersee. 
Compare this with the language of Schelling, cited by Hegel: “Ueber 
die Natur philosophiren heisst die Natur schaffen.” 
T Lorenz Oken, ‘Physiophilosophy,’ Introduction, pp. 1-3, of Tulk’s 
- translation, published by the Ray Society, London, 1847. See also an 
excellent analysis of the system by J. B. Stallo, in his ‘Philosophy of 
Nature’ (Boston, 1848), pp. 221-330, from which we have quoted above. 
Errors in detail, and defects and obscurities, are to be found in the system 
of Oken, which even novices in science can today point out and criticise ; 
but it must not be forgotten that his Physiophilosophy has been a most 
potent influence in shaping and directing the scientific thought of the last 


two generations. Oken has been the inspirer and the teacher of the 
teachers of science. 
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name of physiology was given; and the two terms are in fact 
synonymous. The study of nature, as has been shown, divides 
itself into physiography and physiology; and this division 
applies equally to each one of the three great kingdoms of 
nature. ‘Thus, for example, Physiographical Botany studies 
the relations of plants to each other as members of the vege- 
table kingdom, and investigates their external forms and 
relationships, by which we arrive at Systematic and Descrip- 
tive Botany with its classification and terminology. These 
together give us Botany as a great division of Natural His- 
tory. Physiological Botany, on the other hand, considers the 
individual plant in itself, as seen in its structure, growth, and 
development, and in its relations to the other kingdoms of 
nature. It is properly divided into Structural Botany (which 
investigates the anatomy, organography, and morphology of 
the plant), and Vegetable Physiology (which studies the func- 
tions of the vegetable organism, its growth, nutrition, and 
decay, and the interdependence of the vegetable, animal, and 
mineral kingdoms)*. The same distinctions and definitions 
will apply, mutatis mutandis, to Physiographical and Physio- 
logical Zoology. 

§ 31. The vastness and the complexity of the inorganic as 
compared with the organic world of nature, makes it difficult 
to grasp at once a conception of the true relations of Mine- 
ralogy, which comprehends the study of all forms of unor- 
ganized matter}. Physiographical Mineralogy, in its widest 
sense, has thus for its object not only this earth, but all other 
matter in space, and includes, so far as our planet is concerned, 
Geognosy and Petrography, besides Systematic and Descrip- 
tive Mineralogy as generally understood. 

§ 32. In the study of Mineralogy in its physiological aspect, 
we have to consider the various conditions of mineral matter, 
distinguished as gaseous, liquid, or solid, as amorphous, 
erystallized in different geometric forms, or colloidal. These 
unlike conditions of matter, and their different relations to 
gravity, pressure, temperature, sound, radiant energy, elec- 
tricity, and magnetism, the phenomena of capillarity, and of 
the occlusion, diffusion, and transpiration of gases and liquids, 
indicate structural, or, as we sometimes term them, molecular 
differences in mineral species, which make up what we must 
include under the title of Structural Mineralogy. 

The changes of mineral species from one condition to 
another, and their transformations under the influences of 

* See Asa Gray, ‘Structural and Systematic Botany,’ Introduction. 


+ See-the author, on “the Objects and Methods of Mineralogy,” 
Chemical and Geological Essays, e 453. 
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the agencies already noticed, including the phenomena of 
chemism which give rise to new species, make up together 
the dynamic and chemic activities of matter, which constitute 
the secular life of the planet. They are the geogenic agencies 
which, in the course of ages, have moulded the mineral mass 
of the earth, and from primeval chaos have evolved its pre- 
sent order, formed its various rocks, filled the veins in its 
crust with metals, ores, gems, and spars, and determined the 
composition of its waters and its atmosphere. They still re- 
gulate alike the terrestrial, the oceanic, and the aerial cireu- 
lation, and preside over the constant change and decay by 
which the face of the earth is incessantly renewed, and the 
conditions necessary to organic life are maintained. To the 
study of these processes we may, with propriety, apply the 
name of Mineral Physiology *. 


APPENDIX. 

The doctrine of universal animation, or of an energy in- 
hering in all matter, and that of the essential unity of all 
manifestations of material energy, whether in dynamic, 
chemic, or biotic phenomena, both of which we have main- 
tained in the preceding pages, and especially in § 20, were 
held by Sir Isaac Newton, who ascribed such phenomena to 
the force of an immanent spirit. In the General Scholium 
which closes the third volume of the Principia, following his 
magnificent profession of Theism, he asserts the existence of 
a ‘‘most subtile spirit, pervading and latent in gross bodies,” 
which spirit, by its force and activity, is the cause of gravita- 
tion, of cohesion (and consequently of chemism, which he 
elsewhere refers to peculiar aggregations of particles), of 
electrical attraction and repulsion, of the phenomena of light 
and of heat, and, finally, of all sensation, and of the power of 
motion in animal bodiesf. 


* [ have elsewhere made use of this term in speaking of the pheno- 
mena connected with the decay and transformations of silicated rocks, as 
belonging to “the domain of what I venture to call mineral physiology ” 
(Canadian Naturalist, 1880, new series, vol. ix. p. 435). 

+ “ Adjicere jam liceret nonnulla de spiritu quodam subtilissimo cor- 
pora crassa pervadente, et in lisdem latente ; cujus vi et actionibus parti- 
cule corporum ad minimas distantias se mutuo attrahunt, et contigue 
factee coherent: et corpora electrica agunt ad distantias majores, tam 
repellendo quam attrahendo corpuscula vicina; et lux emittitur, reflecti- 
tur, refringitur, inflectitur, et corpora calefacit; et sensatio omnis excita- 
tur, et membra animalium ad voluntatem moventur, vibrationibus scili- 
cet hujus spiritis per solida nervorum capillamenta ab externis sensuum 
organis ad cerebrum et a cerebro in musculos propagatis.”— Princip. 
Math. \ib. iii. Scholium Generale. 

The same doctrine is enunciated, though in a less precise form, in 1675, 
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XXXI. Molecular Attraction. By Freprerick D. Brown, 
B.Sc., Demonstrator of Chemistry in the University Museum, 
Oxford*. | 

MONG those who are interested in chemical science, and 
especially those who are engaged in an attempt to 
advance that science by experimental work, there must be 
many who feel that, notwithstanding the immense number of 
new facts brought forward during recent years, comparatively 
little real progress has been made. Since 1857, when Kekulé 
first published his views concerning the internal construction 
of the molecules, chemists have been mainly occupied in ap- 
plying his ideas to a multitude of carbon compounds. This 
work, although of the greatest importance, has led us perhaps 
too much into questions of detail, and has turned away our 
attention from the other great problems which were of so 
much interest to our predecessors. The chemical literature 
of the past decade is replete with information concerning 
the reactions undergone by complicated organic substances ; 
but it rarely tries to tell us how and why these reactions take 
place. We diligently yvather stores of stones for our building ; 
and, this done, we are too often content to stand listlessly 
round the heaps waiting for the builder, and leaving even the 
work of the stonemason to the chances of the future. If, 

under these circumstances, any one tries, in however feeble a 

fashion, to arrange a few of the stones together, the work will 


in Newton’s famous Hypothesis touching his Theory of Light and Colour, 
in his subsequent letter to Boyle in 1679, and also in the Queries 18-24 
appended to Book III. of his ‘ Optics,’ in all of which the various pheno- 
mena are ascribed to a supposed etherial medium. From various consi- 
derations it appears probable that these Queries, though first published 
in 1717, were indited before the Principia, which was written in 1685- 
86, and published in 1687; while the General Scholium itself did not 
appear till the second edition of the Principia, in 1718. 

Tn this connexion it may be noticed that the uncertain and obscure 
utterances found both in Newton’s essay of 1675 and in the Queries to 
the ‘Optics,’ with regard to exhalations from the sun and other celestial 
bodies, were, after his studies of the comet of 1680, exchanged for the 
clearly-defined opinions in Propositions 41 and 42 of the third book of 
the Principia. In these it is maintained that the exhalations alike from 
the sun, the fixed stars, and the tails of comets, are not only diffused 
throughout all space, and finally reach the atmospheres of the planets, 
but that the matters thus conveyed are necessary for the maintenance 
of vegetable life, and contribute to the solid mass of the earth. These 
views were a remarkable anticipation of some of the conclusions announced 
by the present writer in 1878, and later in 1880, in an essay ‘on the 
Chemical and Geological Relations of the Atmosphere,” for which see 
the ‘ American Journal of Science’ for May 1880. 

* Communicated by the Author, 
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at any rate be valuable in so far as the attention of others 
will be drawn to the possibility of the task; though the struc- 
ture erected be soon thrown down, it will have set an example 
which may lead to other and more durable buildings. 

Animated by these ideas, I venture to bring forward a small 
attempt to link together some of the properties of chemical 
substances, and to bring them under the general theories 
which we owe to Dalton, to Avogadro, and to Kekulé. All 
chemical hypotheses founded on the atomic theory must ulti- 
mately refer either to the form and structure of the atoms 
and molecules, or to the movements executed and the forces 
exerted by them. It is with the latter that we are now more 
immediately concerned ; but we must first define exactly our 
notions of the former. 

We all recognize that chemical substances are composed of 
molecules, and that these, in their turn, are built up of atoms; 
but if we step beyond this general statement, the same una- 
nimity no longer prevails. With regard to the structure of 
the molecules, there seems to be an unwillingness to believe 
that the atoms are really arranged in the molecule in the 
manner indicated by our ordinary formule; yet it seems im- 
possible to form any other conception concerning them than 
this purely concrete one. If an atom is combined direcily 
with another, it must surely be contiguous to that other; and 
if several atoms are combined with one, they must, I imagine, 
be ranged round that one. Again, if a group of atoms passes 
unaltered through several reactions while the other portions of 
the molecule are replaced or broken up, it seems but reason- 
able to suppose that the atoms forming such a group are 
actually placed together in space. When, further, we learn 
from the researches of Captain Abney and of Dr. Russell 
that the existence of such groups of atoms is registered in the 
absorption-spectra of the compounds, that we can, asit were, 
see them in the molecule, we shall not take up an unsafe posi- 
tion if we assume that the ordinary formule indicate real place 
in the molecule. While making this assumption, I do not 
wish for a moment to imply that the atoms are arranged in 
that particular form which we are accustomed to give to our 

raphic formule, but merely to assert that the connecting- 
link of the formula indicates juxtaposition of the correspond- 
ing atoms. 

It is now known with certainty that the molecular volumes 
of substances are. but slightly altered by combination—that 
is to say, that under comparable conditions an atom of 
any substance generally occupies about the same space, with 
whatever atoms, similar or dissimilar, it may be combined. 
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This fact seems to me to point to the conclusion that the atoms 

which make up a molecule are as close together as their periodic 
motions will permit, and are not merely held in certain posi- 
tions of equilibrium by various opposing forces ; for if the 
latter supposition were true, I fail to see how it would be pos- 
sible for the same atom, together with its proportion of space, 
to have always the same volume, surrounded, as it is, some- 
times by atoms by which itis strongly attr acted, and by which 
therefore its volume would be diminished, sometimes by atoms 
with which it has but little affinity, and which, therefore, 
would leave it plenty of room in which to execute its vibra- 
tions. The proximity of the several molecules in the liquid 
and solid states must also be assumed, in order to account 
for the invariability of molecular volumes. 

The assumptions contained in the preceding paragraphs are 
in no way opposed to the views generally held concerning 
molecular and atomic motion which we owe to the develop- 
ment of the science of heat. They merely state that there is 
no force of repulsion exerted between contiguous atoms, and 
that the vibratory or other movements alone prevent their 
absolute contact. 

Having thus fixed our ideas concerning the structure of 
molecules, we may pass to the forces exerted between them, 
neglecting the repulsion sometimes assumed, but which seems 
to be wholly unnecessary. 

The theory of universal gravitation, as I understand it, asserts 
that the mutual attraction exerted by any two bodies A and 
B is dependent only on their respective masses and on the 
distance between them, being entirely uninfiuenced by the 
presence of other bodies even in the immediate neighbourhood 
of Aor Bb. Thus ata given moment the Harth and Venus, 
- being in certain definite positions, exert upon each other a 
certain force of attraction ; the attraction thus taking place 
between the masses of the two planets would be unaltered by 
the removal of the moon from the sphere of action; the gra- 
vitation of the earth and the moon does not therefore tie up 
any portion of the attractive energy of the earth, and so dimi- 
nish the force with which other bodies gravitate towards it. 

A totally different assumption is usually made with regard 
to that form of attraction which gives rise to chemical pheno- 
mena. Here it is supposed that two or more atoms, haying 
combined together, have thereby become incapable, at any 
rate in the majority of cases, of attracting others to any appre- 
ciable extent. Thus I imagine that most chemists hold the 
view that when hydrogen ‘and oxygen combine together to 
form water, they thereby exhaust, or nearly exhaust, their com- 
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bining-power, that the power of attraction residing in the 
oxygen atoms is all concentrated upon the hydrogen atoms, just 
as we might conceive all the attractive power of the earth 
concentrated on the moon, thus leaving all other bodies in its 
neighbourhood free from the influence of gravity. We thus 
invest matter with two separate forms of attraction, differ- 
ing entirely in their mode of action, and having indeed nothing 
in common. 7 

Although there is no inconsistency in this, yet it would 
seem to be simpler to assimilate to a certain extent chemical 
attraction and gravitation. Let us suppose, then, that the act 
of chemical combination in no wise alters the power of attrac- 
tion which the combining atoms exert upon surrounding 
bodies, and let us see what effect this hypothesis has upon the 
explanation of various phenomena. 

That this assumption is not purely arbitrary is proved by 
the mere occurrence of any and every chemical reaction; for 
it is evident that no such reaction could take place unless the 
force of chemical affinity were exerted between atoms which 
are still held in combination in different molecules. Take, 
for example, any simple reaction, such as the neutralization of 
caustic soda by hydrochloric acid: when the molecules of sodium 
hydrate are brought into proximity with those of the acid, 
some of the atoms are interchanged, and molecules of water 
and of sodium chloride result. Now this can only take place 
in two ways: in the one we may imagine a constant sponta- 
neous decomposition and recomposition of the several mole- 
cules to take place, so that there are in the alkaline liquid a 
considerable number of free atoms ready to act on other free 
atoms in the acid liquid; in the other we must allow that the 
force of affinity inherent in the chlorine atoms stretches 
across, as it were, to the sodium atoms in the sodium hydrate. 
Of the constant decomposition and recomposition necessitated 
by the first process of reaction, we have, at any rate in the 
majority of cases, no evidence whatever; on the contrary, the 
agreement of the observed vapour-densities of substances with 
those required by Avogadro’s law renders such molecular in- 
stability extremely improbable; we are therefore driven to 
allow that affinity does act from molecule to molecule. 

The hypothesis above indicated enables us to explain to a 
certain extent the relative volatility of substances, and goes 
far to render a satisfactory account of molecular compounds. 
We all, I presume, look upon the maximum vapour-tension 
of a substance ata civen temperature as affording, toa certain 
extent, a means of estimating the attraction which its mole- 
cules exert among themselves: if there is considerable attrac- 
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tion, there will be a low vapour-tension; and with little attrac- 
tion there will be a low boiling-point. It follows from this 
that the attraction between the molecules of hydrogen is rela- 
tively extremely small; that in the case of oxygen and nitrogen 
it is also very small, though probably much larger than in the 
former case; the attraction mutually exerted by molecules of 
chlorine will be more considerable ; while with bromine, iodine, 
and other liquid and solid elements it will be greater still. We 
must not, however, confound the attraction exerted between 
atoms of a substance with that between the molecules ; for 
each atom attracts separately those of the contiguous mole- 
cule, so that the attraction between two molecules of bromine, 
for example, will be four times as great as between two atoms; 
and generally when the molecule of a substance contains n 
atoms, the attraction between two molecules will be approxi- 
mately n? times that between two atoms. This is of course 
even approximately true only when the distance between the 
two molecules is great relatively to their size; when the two 
molecules are close together, the several interatomic attractions 
will be exercised over very different distances, and will there- 
fore be very unequal in amount. Nevertheless the above 
remark enables us to see that in some cases the apparent 
attraction, as estimated by the boiling-point, may be very 
misleading. In sulphur, for example, of which the molecule 
in the solid and liquid states is probably somewhat complex, 
we have a substance of high boiling-point, though the mutual 
attraction of the atoms may be comparatively small. The same 
is the case with carbon and many other substances. 

Applying now the above considerations to a few actual cases, 
we shall see that the relative volatility of different substances 
is generally satisfactorily explained. Let us designate by 
(Ah) the attraction at unit-distance between two atoms of 
hydrogen, by (00) the attraction between two atoms of oxygen, 
and generally by (7's) the attraction at unit-distance between 
any two atoms Rand 8. Then, in the case of water, the mole- 
cular attraction will be represented by 


4A(hh)+4B(ho)+C(oo), 


where A, B, and C are factors dependent on the distances 
which separate the atoms. Now we have seen that (hh) and 
(00) probably have small values; but (20) isnot small: hence 
the attraction between molecules of water should be far greater 
than that between molecules of oxygen, and the boiling-point 
much higher, a result which is in accord with fact. The 
boiling-point of water would probably be much higher than it 
is were it not that the attractions between H and O are exerted 
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over comparatively large distances, owing to the hydrogen of 
one molecule shielding its companion oxygen from the approach 
of other hydrogen. In the similarly constituted body, H.8, 
the value of the molecular attraction will be 


AA, (hh) +4B,(hs) +O,(s s), 


in which expression A,, By, and C,; may be supposed to have 
values not differing excessively from those which hold good 
in ae of water (the sulphuretted hydrogen being supposed 
liquid ). 

We have seen that the value (ss) may possibly be small; — 
and as the attraction is exerted between atoms which cannot 
approach each other very closely, C,; is certainly small: hence 
this term will not probably much increase the molecular 
attraction. The first term will remain much the same as in 
the case of water; but the second term will have a much dimi- 
nished value on account of the feeble affinity of hydrogen for 
sulphur: the whole value of the molecular attraction will there- 
fore be much smaller than in the case of water; and weshould 
expect sulphuretted hydrogen to be much more volatile than 
water, which is actually the case. With carbon dioxide it 
would seem, at first sight, that we have a substance which 
should be less volatile than water; for the heat evolved in 
burning carbon is greater than that given out by the combus- 
tion of hydrogen; (co) therefore is probably greater than 
(ho); and as (ec) is greater than (00), and (00) than (AA), 
the whole value 


4A,(00)+4B,(co)+ C,(¢ c) 


would appear to be greater than the corresponding value for 
water. ‘The researches of Kopp and, more recently, of Prof. 
Thorpe have, however, shown that the atom of hydrogen 
always occupies about the same volume, and that, if we take 
this volume as the unit, the atom of carbon occupies a volume 
2, while one of oxygen, when combined with only one atom 
of carbon, occupies a volume 2°22. From these numbers we 
learn that two contiguous molecules of CO, must have their 
respective atoms of carbon more distant than the atoms of 
oxygen in two contiguous molecules of water; for the oxygen 
in the one case occupies a far larger volume than the hydrogen 
in the other: hence also the important attraction (co) isexerted 
over a much greater distance, a distance which is increased by 
the larger volume of the atom of carbon itself. The second and 
third terms of the above quantity are therefore greatly dimi- 
nished, and the whole value may well be less than in the 
case of water. 
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In applying these arguments we must remember that the 
molecules are in constant motion about their centres of gra- 
vity. In the case of CO,, for example, the direction of the 
line joining the centres of the carbon atom and one of the 
oxygen atoms varies continuously; hence the molecule of 
CO,, as regards the action on other molecules, may be regarded 
as practically in the condition of a centre of carbon surrounded 
by a shell of oxygen. 

Among inorganic substances there are but few which take 
the form of volatile liquids, and these are mostly isolated in- 
stances ill-suited for comparisons of this kind. It is therefore 
to the homologues and isomers of organic chemistry that we 
must chiefly look for a confirmation of these views. In the 
alcohols of the ethyl series, for example, the larger the mole- 
cules the greater must be the attraction between them, and 
consequently the higher the boiling-point; this, as is well 
known, is in accordance with fact. In the case of isomeric 
alcohols, the influence of the position of the atoms comes con- 
spicuously to the fore. Itis clear that if the atoms of carbon 
of two different molecules cannot approach each other so nearly 
in the case of one isomer asin another, the attraction between 
the molecules will be less, and the boiling-point consequently 
lower. Now in secondary and tertiary alcohols the carbon 
atoms are more sheltered by each other, are, as it were, more 
removed from the exterior of the molecule than in primary 
alcohols; at the same time the boiling-points are lower, which 
is in accordance with our hypothesis. 

If we replace two atoms of hydrogen in an alcohol by 
one of oxygen, we increase the attraction of the molecules, since 
we substitute a certain number of attractions (Ao) and (co) 
for the relatively small attractions (hh) and (ch): the increase 
of boiling-point which we should expect is confirmed by expe- 
riment. . 

If, on the other hand, we replace the hydroxylic hydrogen 
of an acid by methyl or ethyl, we lower the boiling-point, 
although we increase the number of attractions exercised 
between the molecules. But we must remember that by this 
substitution we combine a considerable number of atoms with 
that carbon to which is annexed the oxygen of the molecule, 
thus causing a more even balance of the molecule about that 
carbon, and throwing it therefore more into the centre of the 
system. ‘The attraction (ho) to which the total molecular 
attraction is so largely due will therefore be exerted over 
greatly increased distances, and the boiling-point will be to a 
like extent diminished. That this argument is founded on 
fact is, I think, shown by a host of other instances: thus, 
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ethyl-methyl ether, CH;—O—C, H;, boils at 11°; but ethyl 
aleohol, H—O—C, H;, boils at 78°; in this latter substance 
the oxygen is partly exposed by the substitution of H for 
CH,. Again, in ethyl butyrate, C, H;—O—CO—CH,—C, H,, 
and in propyl propionate, C, H;—-CH,—O—CO—C, H,, it is 
evident that the oxygen atoms occupy in each case an equally 
central position, while the total number of atoms is the same. 
We might therefore expect that the boiling-points of the two 
substances would not be far apart. Hxperiment shows that 
the boiling-point of the butyrate is 121°, that of the propio- 
nate 122°. In the isomeric substance butyl acetate the oxygen 
atoms are no longer so central, and the boiling-point rises to 
124°:3; while in valeric acid, in which the oxygen atoms may 
be viewed as occupying an outside place in the molecule, the 
boiling-point rises above 180°. As another example of the 
reduction of the total molecular attraction when the oxygen 
occupies a central and sheltered position, we may take ether, 
C, H;—O—C, H,, boiling at 35°. Ifit be true that in this case 
the attractions (0) are greatly diminished by the distance over 
which they are exerted, it is clear that for O we may, without 
much general effect, substitute CH, or some other group 
of atoms of similar weight: this substitution produces pentane; 
and we find that this isa body having a boiling-point differing 
but little from that of ether. Many other examples might be 
brought forward, were it not that their discussion would tran- 
scend the limits of this paper. 

The use of the above hypothesis renders it difficult, at first 
sight, to account for the formation of definite chemical com- 
pounds. It seems that if any number of atoms of hydrogen 
are equally attracted by one of chlorine, the combination of 
one of them with that atom would not prevent the adherence of 
a second and a third forming H, Cl, H; Cl, &. This difficulty 
is avoided by supposing that the chlorine atom is of such a 
form that only one atom of hydrogen can approach sufficiently 
closely to adhere permanently; such forms are difficult to 
imagine, though it may be remarked that an atom in the form 
ofa ring offers in a certain sense a unique position to another 
which instals itself inside it. The existence of molecular com- 
pounds proves that the permanent adherence of other atoms is 
sometimes possible, and thus affords material support to the 
notion that the chemical affinity of an atom is not only exerted 
upon those atoms with which it is combined, but upon all others 
in its vicinity. 
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XXXII. On the Dynamical Theory of Radiation. 
By Artuur Scuuster, PA.D., PRS." 


2 we attempt to draw up a summary of our knowledge on 

the radiation of heat and light, we shall find that it has 
been derived from two distinct lines of investigation. The 
first of these, originated by Prevost of Geneva, has been fol- 
lowed up by Balfour Stewart and Kirchhoff. It is founded 
on the experimental fact that bodies placed in an enclosure of 
uniform temperature will ultimately assume that tempera- 
ture, and on a law called, after its inventor, Prevost’s law. 
The characteristic distinction of this line of investigation, as 
opposed to the second one, presently to be noticed, consists in 
the fact that it makes no assumption whatever on the nature 
of radiation. Whether the constitution of the body be mole- 
cular or not, it claims to found some important laws, laws 
which have a wide practical application, on experimental facts 
simply, and one or two assumptions against which no serious 
objections have as yet been urged. The second line of inves- 
tigation to which I have referred starts from the assumption 
of the existence of atoms and molecules. It tries to form 
ideas, more or less hypothetical as they are more or less 
distinct, on the nature of these molecules, and endeavours to 
fit the observed phenomena of nature into the results of an 
almost pure deductive reasoning. The first method may be 
considered more satisfactory and philosophical ; but the second 
is more productive, and any further advances which the science 
of radiation may be expected to make must be derived from 
the dynamical considerations on which it is founded. At 
present it may be useful to compare the results already 
obtained with observed facts, and to point out where a further 
examination of the assumptions which had to be made seems 
necessary. 

In the first place, it is to be remarked that nearly all the 
investigations confine themselves to the consideration of an 
enclosure of uniform temperature—that is, to the state of the 
body in which it neither gains nor loses heat. It is hardly 
necessary to remark that no observations can be carried on in 
such an enclosure. If, at the ordinary atmospheric tempera- 
ture, we shut all windows and doors so as to keep out all radia- 
tions which might directly or indirectly reach us from our 
luminary, observations on radiation and absorption will be 
prevented by our inability to see. But even if we should 
raise the temperature of the room and every thing it contains 


_ * Communicated by the Author, having been read at the York Meet- 
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to the point at which bodies become white-hot, we should not 
be better off. For our retinal and crystalline lenses would be 
white-hot too; and supposing they could sustain such a tem- 
perature, all parts of the retina would radiate alike ; conse- 
quently they would also receive the same amount of radiation : 
the whole internal radiation being constant, there would be 
nothing to distinguish one part of the retina from the other, 
and we should be as effectively (perhaps more effectively) 
blind as at the ordinary temperature. 

No observations being possible in an enclosure of uniform 
temperature, we must try to adapt our theoretical conclusions 
to cases in which we can subject them to the test of experi- 
ment. We do this by making an assumption contained in 
Prevost’s law, and adopted by all subsequent writers. The 
first part of Prevost’s law says, that bodies are always both 
radiating and receiving heat; if their temperature remains 
constant, as it does if they are placed in an enclosure of con- 
stant and uniform temperature, it is because they radiate just 
as much heat as they receive. The second part of Prevost’s 
law, which is always implied though not always distinctly 
stated, says that the radiation of a body is a function of its 
temperature only. Assuming, with-Prevost, that a body of 
given temperature radiates in the same way whether placed in 
an enclosure of uniform temperature or not, we can apply the 
results obtained by theoretical reasoning to the phenomena 
which we observe every day. But if some of these conclu- 
sions seem to be contradicted by experience, we are led to 
inquire a little more closely again whether really the radiation 
of a body is completely defined by its thermometric tempera- 
ture, without regard to the fact whether, on the whole, it is 
gaining or losing heat. In Prevost’s time men of science had 
nothing to guide them, and Prevost’s assumption was the 
simplest, as it was the only natural one. But we may well dis- 
cuss whether the dynamical considerations on which the mole- 
cular hypothesis is founded tend, or do not tend, to support 
the view that the radiation of a body is only a function of its 
temperature. 

In the first place, let us consider a case, not connected with 
radiation, where the temperature alone certainly does not com- 
pletely define the state of a gas at a given point. Imagine 
at first, again, an enclosure of uniform temperature, and fix 
your attention on a certain element of space in that enclosure. 
The molecules of a gas are moving about within that space 
with varied velocities; but, on the whole, as much energy 
passes the element in one direction as in another, and the 
average vis viva of the molecules is therefore independent of 
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direction. But supposing now some parts of the enclosure to 
be hotter than others, conduction of heat takes place; and 
although the thermometric temperature of the element we are 
considering may be the same as before, yet the molecules will 
move more quickly in one direction than in another, and the 
temperature of the element, without regard to the temperature 
of the surrounding elements, will not indicate the direction in 
which the molecules move fastest. The temperature at a given 
point is only an average indication, and only completely 
defines the state of the gas if the temperature is uniform. We 
should be wrong to assume that, because a certain distribution 
of velocities holds when the temperature is uniform, it must 
also hold when conduction of heat is allowed to take place. 
What holds in the case of conduction of heat may also hold in 
the case of radiation; and we cannot assume, without further 
proof, that the radiation of a body is independent of the tem- 
perature of the surrounding bodies. It admits, on the con- 
trary, I believe, of proof that the radiation of a body into a 
cooler medium, being a phenomenon of dissipation of energy, 
involves altogether different considerations from those we are 
accustomed to apply when the temperature does not change. 
In order to fix the attention, imagine a Bunsen burner with a 
soda bead in it. The spectroscope, will show us the well- 
known yellow sodium-lines; but we know that the sodium- 
molecule is also capable of sending out certain rays in the 
green part of the spectrum”; and these rays are so weak in the 
case under consideration, that they escape observation. Fol- 
lowing backwards the rays which enter the spectroscope, we 
finally reach the internal radiation of the Bunsen flame; and 
we may therefore say that the internal radiation is strong for a 
certain set of yellow vibrations, and weak for a certain set of 
green radiations. About the vibrations of the molecule the 
spectroscope does not directly reveal any thing; but there 
must be some relation between them and the intensity of radia- 
tions of the surrounding medium. If there is more internal 
radiation for the yellow light,it can only be because the vibra- 
tions of the molecules for the yellow light are stronger. Suppo- 
sing, now, the flame to be suddenly placed in an enclosure of 
constant temperature, which temperature shall be the same as 
that of the flame itself. The internal radiation is constant 
within that enclosure; or rather it only depends on the refrac- 
tive index of the medium. 

For the yellow light we should find that the internal radia- 

* Ido not wish to imply any definite opinion on the sodium-spectrum 


and its changes with temperature, but only take a certain view of it asan 
illustration. 


264 Dr. A. Schuster on the Dynamical 


tion in the enclosure is very nearly the same as that of the 
flame radiating into space; and consequently a removal of the 
flame into the enclosure will not materially affect the average 
energy of vibration for yellow light. But the internal radia- 
tion for the green light being much stronger in the enclosure 
of uniform temperature, the energy of vibration of the medium 
within the flame will be much increased by the removal of 
the flame; and this cannot take place without a corresponding 
increase in the energy of vibration of the molecules them- 
selves. It follows from this that the difference in the inten- 
sity of the yellow and green vibration of sodium must be 
much smaller in the enclosure of uniform temperature than 
when the sodium-flame is allowed to radiate into space, though 
the temperature in both cases may be the same. 

The following suggestion as to the genesis of radiation is 
founded on the ideas of the molecular theory of gases, and 
may serve to make the difference between the molecular vi- 
brations in the case of a radiation into a colder space as dis- 
tinct from a radiation into an enclosure of equal temperature 
a little more clear. In a gas which is neither gaining nor 
losing heat we assume a constant interchange of motion 
between different molecules. 

Let us assume that the molecules we are considering are 
like the sodium molecules, capable of vibrating in two distinct 
periods, one corresponding to the yellow and one to the green 
rays. ‘The energy of vibration for each molecule is constantly 
changing ; the translatory energy of motion is, by means of the 
encounters, transformed into vibratory energy corresponding 
to one or to the other period; andif, on the whole, the average 
energy remains constant, it is because just as much vibratory 
energy is transformed into energy of translatory motion. We 
may imagine that this energy of translatory motion is more 
easily transformed into yellow vibrations than into green vibra- 
tions; but in that case the energy of yellow vibrations must 
also more easily be transformed into translatory motion. The 
mathematical calculations of Maxwell and Boltzmann have 
shown that when the final equilibrium has been reached the final 
energy of vibration for the two periods must be the same, 
though each encounter may more easily produce vibrations of 
one period than of the other. This theoretical conclusion is 
not altogether confirmed by experience; but we may, for the 
sake of argument, assume it to hold in the imaginary case 
which we are at present considering. Imagine now the gas 
to be taken out of the enclosure and allowed to radiate into 
space. During the first instant the yellow and the green 
vibrations will be of the same intensity; but very soon the 
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molecular encounters will show their influence. We have 
assumed that yellow vibrations are more easily produced than 
green vibrations. While, therefore, the green vibrations are 
allowed to decrease in intensity, the intensity of the yellow 
rays is constantly renewed by the encounters. The radiation 
of a body is a phenomenon of dissipation of energy; and_the 
relative intensity of the different radiations merely show 
through what channels the energy is more quickly dissipated. 
The rate at which the energy of translation 1s transformed 
into energy of periodic motion (which has, according to 
Boltzmann, nothing to do with the establishment of final equi- 
librium in the enclosure of uniform temperature) is the most 
important quantity in determining the intensity of vibration 
when a body is losing heat. The mere fact, therefore, that 
we observe lines of different intensities in the spectra of bodies 
is not in itself sufficient to invalidate Boltzmann’s theoretical 
conclusion that in an enclosure of uniform temperature the 
vibrations ought to be equally strong. 

It will be seen from what precedes that I have adopted a 
view on the origin of the different intensities of spectral lines 
which is different from that usually given; but it is, as far 
as I can see, the only one consistent with dynamical prin- 
ciples. The statement that the spectrum of a body is not 
independent of the vibrations of the surrounding bodies may 
sound improbable; but it will, I think, be found to follow from 
any dynamical explanation of radiation. But though the 
mere fact of different intensities of spectral lines need not be 
conclusive against Boltzmann’s conclusions, another argument 
is much more so. If his reasoning is correct we can, from 
the measurement of the two specific heats, deduce the number 
of degrees of freedom of a molecule. This number is very 
small, while we know, by spectroscopic observation, that it 
must, in fact, be infinite. Those who have observed the com- 
plicated spectrum of mercury, for instance, will find it hard 
to believe that a molecule of mercury has only three degrees 
of freedom, that is, that it can only move about in space ; 
that it does not vibrate nor rotate. No suggestions which 
have yet been made seem to me to get over this serious dif- 
ficulty; and as the reasoning by means of which the result 
in question has been obtained does not seem open to serious 
criticism, some of the fundamental assumptions on which the 
reasoning is based require to be carefully scrutinized. Now 
it seems to me that in the course of the whole investigation 
the vibrations of the molecules themselves, as far as their 
mutual influence (which must take place in consequence of 
the transmission of these vibrations through the medium) is 
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concerned, have been overlooked. Itis therefore perhaps not 
astonishing that the result is not, on this very point, in ac- 
cordance with experimental fact. While molecules are in 
close proximity, forces must act which depend on their vibra- 
tions; and the relative phase of vibrations will be an important 
factor in the determination of the strength and sign of these 
forces. As the molecules approach each other they try to 
place themselves in unison; that is to say, the vibrations of 
those already in unison will be strengthened, while the vibra- 
tions of those the phases of which are in disagreement will 
be weakened. At the moment of the shock a sudden altera- 
tion in phase may take place ; and observations on natural 
light seem to show that it does take place. If this alteration 
takes place according to fixed laws, the forces acting between 
the molecules during the second part of the shock will be 
altogether different from those acting while the molecules are 
approaching. Boltzmann assumes that all the phenomena of 
an encounter take place as often in a reverse order ; but if 
forces such as those suggested act, this need not be true. 


XXXII. On Logical Diagrams for n terms. By ALLAN 
MarquannD, PhD., late Fellow of the Johns Hopkins Uni- 


versity®., 


T* the Philosophical Magazine for July 1880 Mr. Venn has 

offered diagrams for the solution of logical problems in- 
volving three, four, and five terms. From the fact that he 
makes use of circles, ellipses, and other curvilinear figures, 
the construction of diagrams becomes more and more difficult 
as new terms are added. Mr. Venn stops with the five-term 
diagram, and suggests that for six terms “the best plan would 
be to take two five-term figures.” 

It is the object of this paper to suggest a mode of construct- 
ing logical diagrams, by which they may be indefinitely ex- 
tended to any number of terms, without losing so rapidly their 
special function, viz. that of affording visual aid in the solu- 
tion of problems. 

Conceiving the logical universe as always more or less 
limited, it may be represented by any closed figure. For con- 
venience we take a square. If then we drop a perpendicular 
from the middle point of the upper to the lower side cf the 
square, the universe is prepared for a classification of its con- 
tents by means of a single logical term. 


* Communicated by the Author. 
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A a 


This represents a universe with its A and not-A “ compart- 


ments.” ‘The quantitative reiation of the compartments being 
insignificant, they may for convenience be represented as 
equal. 


The introduction of a second term divides each of the exist- 
ing compartments. This may be done by a line drawn at 
right angles to our perpendicular and through its centre, 
this -— 

A a 


The four compartments represent the sub-classes AB. Ae 
a B, ab. 

A diagram for four terms would require two more perpen- 
dicular and two more horizontal dividing lines, thus :— 


A A a a 
C Cc C Cc 


BD 


Bd 


bD 


bd 
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The sixteen compartments here represent the formal division 
of a universe into the classes ABCD, ABCd, AbCD, &e. 
Thus by continued dichotomy we may reach a diagram for 
any number of terms. A diagram for n terms, if n be any 


even number greater than 2, requires 2+2?+23+...4+2? 
dividing lines; diagrams for n—1 terms require 2+27+2°+... 


ee ea : 
2?—2? — such lines. 

As the number of terms increases, the labour of writing out 
a quantity of letters may be considerably lessened by the use 
of brackets. This will appear in the solution of the following 
problem. 

The are eight arguments, A, B, C, D, EH, F, G, H, thus 
related to each other:—When H is true, F is true; and when 
F is true, either E is true or B and C are both false. When 
either G is true or E and F are both false, Dis true. If Bis 
false when either F or G (but not both) are true, then His true 
and either C is false or D true. It is true only when an even 
number of the remaining arguments are true ; it is false only 
when an odd number of the remaining arguments are false. 

Supposing any combination not inconsistent with the pre- 
mises to exist, (1) What follows from A being true either when 
B is true and D false or C false and F true? and (2) From 
what combination of arguments may we conclude that A and 
H are both true when H and G are both false? 

Representing truth by a capital and falsity by a small letter, 
all possible combinations of the truth or falsity of the eight 
arguments are indicated by the small squares in the following 
diagram. 

The shaded squares indicate the A combinations which are 
inconsistent with one or more of the premises; the non-A 
combinations, not being required in the conclusion, may be 
neglected. The first part of the conclusion calls for the eight 
combinations numbered 1 to 8 on the diagram. These are :— 


AaB ae 1) AG: at 


ABcDiEG kh 
ABcd EFg H 
ABcd HEgh 
Ab cDifs 
A} ¢ De FIG 
A p26 DeatiG 2% 
Ab 6 de. gg 


and one or other of these is true. It will be observed that in 
all the combinations C is false and F true. Many subordinate 
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Cc 
fioaeral eL 


D 


and G 
| 


care a are ae 


B 


OUST ESS a 
eee 
Boe ILENE. CATE 
7 4 #-EE iE 
=  ~f 
Mice 25 .armnns 
ae oo: seecucmaae 

Te 
20 eeananee eZ 
B egcece ie 


D 


en BEE 


ee 
Siete eae eran sc ei ys Wabgacaee eae ae 


a 


B 


Cc 


eo 


#8 ppemaay 


i os 


ae 


conclusions may be drawn, such as A, B, and D bein 
_ true, H, F, and G are also true; A being true when B 


are both false, H is true, &c. 
nears 


grams 
npart- 

Thus in 

arked with a star 
This compartment 


hat these dia 


differ from those suggested by Mr. Venn in having a cor 
ment for the absence of all the characters or objects. 


Ae be de lg kt 
ABCDef gH 
Hence from either BC Df or bc De or bede we may con- 


The second part of the conclusion calls for the three combi- 
clude Aeg H. 


nations marked 8 to 10 on the diagram. These are 


Attention may be drawn to the fact t 
may need to be shaded out, and hence should be indicated on 


a complete logical diagram. ‘This is parenthetically acknow- 


the 8-term diagram the compartment m 
stands for the combination abedefgh. 
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ledged by Mr. Venn (‘Symbolic Logic,’ p. 271), and practi- 


cally in the construction of his logical-diagram machine 
(‘Symbolic Logic,’ p. 122). 

I have constructed a logical-diagram machine on the basis 
of these diagrams. Blocks, corresponding to the squares or 
rectangles on the diagrams and resting on two sets of slides, 
the one set below and at right angles to the other, may be 
made to drop when the combinations which they indicate are 
inconsistent with the premises. 32 such slides are required 
to operate the 256 blocks of an 8-term machine. 

But this machine, though simple enough, is practically 
inferior to the diagrams which I have had printed at a trifling 
expense for problems of 7, 8, 9, and 10 terms. 


XXXIV. On the History of the Theory of the Beats of Mistuned 
Consonances. By R. H. M. Bosanquet, Fellow of St. John’s 
College, Oxford. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
je a paper recently published in the Philosophical Maga- 
zine, | have given an account of my recent experiments 
on an important branch of this subject. I wish to contribute 
further to the appreciation of the bearing of my results, by 
means of a critical notice of a few of the most important 

points connected with the history of the subject; to which I 

propose to add some remarks on Kénig’s recent paper 

(Annalen der Physik und Chemie, 1880, p. 857). 

Passing over the early history of the subject, we come to 
Smith’s ‘Harmonics’ (1759), a treatise always regarded as 
important, but difficult. Smith was mainly concerned with 
the reduction of the phenomena to rule, for the purpose of his 
studies of musical temperament. His fundamental principles 
do not really reach beyond the numerical or geometrical ap- 
pearances or patterns which arise from the superposition of 
certain sequences of forms at regular intervals. Causal expla- 
nation, reference to laws of sensation, analysis of the functions 
of the ear, were not attempted by Smith. But his work is of 
great importance. Is is still much appreciated as the first 
and, in one sense, almost the most powertul exposition of prin- 
ciples still largely held, which are entirely incompatible with 
the point of view originated by Helmholtz, or its developments. 

Freed from the singular phraseology in which Smith’s pro- 
positions are enveloped, they are not difficult in themseives. 
I will shortly state in an example the effect of his reasoning, 
so far as it purports to deal with the causes of beats, : 
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Smith’s ‘ Harmonics,’ prop. x. p. 81, 2nd edit. 

We will call a note having 100 vibrations in a certain time 
a “unison;” and a note having 101 vibrations in the same 
time will be said to make with the first an ‘imperfect unison.”’ 
Then the time in question, in which the notes make respec- 
tively 100 and 101 vibrations, is what Smith calls a “ simple 
eycle,” or “the period of the imperfect unisons.”’ 

Consider notes making 2 and 3 vibrations respectively in 
the time of 6 of the first note, or “unison.” Then the time 
in which these notes make 2, 3, and 6 vibrations respectively 
is what Smith calls the “short cycle” of the consonance. 

Suppose the consonance to be mistuned, so that 2 vibrations 
of the one note = 6 of the unison (100), but three of the other 
= 6 of the imperfect unison (101), then the 2 of the one note 
still very nearly = 3 of the other, and each of these periods 
or short cycles is still nearly 6 vibrations both of the unison 
and the imperfect unison. Then Smith says:— 

“Take away the greatest equal numbers of short cycles 
(of 6) that can be taken from both ends of the simple cycle, 
or period of the imperfect unisons.’’ 

(Take away two sets of 8 short cycles of 6 from 100 and 
101 respectively.) 

“Then some part of another short cycle or two, as consist- 
ing of unequal numbers of the quicker and slower vibrations 
of the imperfect unisons, will always remain in the middle of 
the cycle or period.” 

(100—2x8x6=4.101—2.8.6=5. So that 4 and 5 
vibrations respectively are the parts of the short cycles that 
remain over.) 

“And this part, by interrupting the succession of the short 
cycles ’’ (of 6) ‘‘ wherein the harmony of the consonance con- 
sists, interrupts its harmony, and causes the noise which is 
called a beat; especially as the interruption is made where 
_the short cycles on each side of it are the most imperfect and 
inharmonious. Therefore the time between the successive 
beats, made in the middle of each period or simple cycle of 
the pulses of the imperfect unisons, or of the least imperfections 
of the consonance, is equal to the time of the period.” 

The term period of least imperfections is explained by noti- 
cing that there would not be a real coincidence of the two 
notes at the end of the period; but there would very nearly 
be one. 

This reasoning only points out the mode of calculating the 
number of times that a certain form of grouping is repeated. 
So far it is quite right ; and as forms of grouping will in this 
subject always necessarily be a matter of interest and import- 
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ance, the modern student cannot afford to dispense with 
Smith’s most powerful exposition. But it does not account 
for our modern conception of beats, regarded as variations in 
the intensity of certain notes. We have still to find out in 
what way such variations of intensity arise out of the system 
of recurrences Smith describes. 

With respect to the supposed difficulty of Smith’s proposi- 
tions, I am confident that any one who has mastered the above 
example will find the difficulties gone, in all that part of the 
work which is concerned with the doctrine of beats. 

Young’s criticism on Smith’s work is, that he achieved 
nothing. De Morgan thinks that Young, and others whom 
he quotes, did not understand Smith. ‘The passage of Young 
which De Morgan cites as a proof of this, however, is very 
good sense, and undoubtedly represents the tact correctly on 
Young’s own theory. 

Whether Young understood Smith or not, and whether or 
no Young’s theory will now bear strict criticism, there can be 
no doubt that Young’s work had a most beneficial influence 
on the progress of the subject. He is remarkably clear about 
a number of important points; and on some his exposition is 
not surpassed at the present day. 

Young clearly pointed out the mode in which the ordinary 
beats (which become Smith’s short cycles in or near conso- 
nances) are numerically related to the Tartini tones (combina- 
tion-tones). He uses a phraseology which is now seen to be 
objectionable, when he says that the beats become the Tartini 
tones. This would involve, in our quantitative language, the 
statement that the whole of the energy of the beats is trans- 
formed into combination-tones, to which statement it is impos- 
sible to assent. So that I differ from Young’s exposition as 
I differ from that of Kénig, where he assumes the passage of 
beats of great frequency into a note, and compares the beats 
with impulses, as if they contained nothing else but the impulse. 
But this difference of view will only touch the mode in which 
the notes arise out of the beats. One might almost say that 
it is a mere question of language; but itis not so. ‘The ele- 
ment of quantitative transformation is essentially involved. 

The facts, however, are of the first importance; and it is 
not too much to say that Young’s statements fully anticipate 
the principal conclusions of K6nig’s great paper, and give the 
facts completely and compendiously. It is no use attempting 
a detailed analysis of Young’s position, as it is substantially 
the same as that of Konig. 

Of the other writers who occupy a similar position we need 
only mention De Morgan, from whose analysis many have 
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formed their idea of Smith’s work. From our present point 
of view we admire his painstaking appreciation of Smith, 
while we think he overestimates the value of Smith’s analysis 
of beats. He does not seem to see that it amounted only to a 
numerical or geometrical analysis, and left the reader a long 
way off even the idea of the existence of a deeper-seated expla- 
nation. ‘The obstacle opposed to Smith’s explanation by the 
resolution in the ear of the resultant or complex forms into 
their elements according to Ohm’s law, escaped De Morgan 
entirely. 

De Morgan is behind Young in thinking that Tartini (com- 
bination) tones only exist in the case of consonances ; this 
vitiates fundamentally all his notions of the phenomena, and 
causes him to give defective rules for them. Further, he 
condemns Young for the statement that other resultant tones 
(as we now call them) arise out of the beats. of consonances 
besides the Tartini tone (difference-tone of Helmholtz, first 
combination-tone). In fact Young here clearly describes the 
phenomena subsequently described by Konig as beat-notes, 
and was right in the main as to the facts. 

I think we may fairly summarize the position taken up by 
Helmholtz on this question as amounting to the admission of 
the principle—all beats consist of variations of intensity of 
musical notes. JI am not quite sure whether Helmholtz was 
the first to enunciate principles which amount to this, as the 
history of these doctrines is voluminous and rather obscure. 
And I do not think that even Helmholtz enunciates this as a 
new dogma in so many words, though itis assumed throughout 
as the basis of his treatment. Some of the older writers, par- 
ticularly Smith and Young, so guard their exposition that it 
is quite capable of adaptation to this principle. On the other 
hand, certain modern writers, professing or appearing to fol- 
low in the footsteps of Smith and Young, so modify their 
exposition as to make it inconsistent with the above principle, 
and to require the admission that beats consist of some form 
of perception other than that of the variation of musical notes. 

In treating of the position of Helmholtz, it will be desirable 
to discuss somewhat minutely a treatise on Beats, consisting 
of two papers by W. Pole, F.R.S., Mus. Doe., in ‘Nature,’ 
Jan. 13 and 20, 1876. I regard these papers as the most 
important manifesto of the school last alluded to, before the 
paper of K6nig to be subsequently considered. The clearness 
and knowledge of the subject make them a good text for dis- 
cussion ; yet. I consider the exposition they contain to be 
erroneous. 

Pole describes three kinds of beat—the unison-beat, the 
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consonance-beat or Smith’s beat, and the beats of Helmholtz, 
which are taken to include the beats arising from overtones 
and combination-tones. 

The account of the unison-beat is in most respects that 
common to allauthors. But there is a point in which it differs 
from the carefully-guarded exposition of Smith, which gives 
rise to a fallacy running throughout the whole paper, though 
distinct from my principal ground of objection. The whole 
exposition is founded on effects supposed to be produced by 
the blows of a hammer. Now this makes a very complicated. 
effect the basis of operations. In the first place, we have in 
the primary impulse a sound rather than an impulse of the 
air. This example then involves the question of the produc- 
tion of notes by intermittent sounds, which belongs toa higher 
and more difficult part of the subject. Secondly, the impulse 
selected, regarded as an impulse, is of a very complicated 
character. It can be shown without difficulty that a series of 
discontinuous impulses is represented by the sum of an infinite 
series of impulses following the pendulum-law, the amplitudes 
of all the terms being ultimately equal. 

Consider more closely the example given by Pole. Suppose 
A to make eleven strokes of the hammer to ten of B. Then, 
if at one point the strokes of A and B coineide, after five 
strokes of B, A will be half a stroke in advance, and the 
strokes will succeed each other with intervals of half a stroke 
for a short time; that is to say, the pitch of the resulting sound 
goes up an octave. Now if two pure tones near each other in 
pitch produce the unison-beat, the beat consists of alternations 
of sound and silence very nearly—at all events not of alterna- 
tions of fundamental and octave. Notes are easily procured 
of sufficient purity for this demonstration. Consequently 
Pole’s illustration fails to indicate the real nature of the phe- 
nomenon. 

Smith is careful to avoid this difficulty ; and his demonstra- 
tions are perfectly applicable to pendulum-vibrations, although 
he makes no assumption as to the forms of the impulses em- 

loyed. 

The explanation given by Pole of the effect of imperfect 
coincidences is quite correct; but it is attributed to Young. 
Now this explanation was fully attained by Smith, and is the 
origin of the term “period of least imperfections,’ which is 
one of the most perplexing elements of his phraseology. 

In alluding to the disappearance of unison-beats in inter- 
vals greater than a third, Pole notices Young’s theory that 
the beats pass over (? are entirely transformed) into the Tar- 
tmi tone. But in speaking of the doubt cast by Helmholtz 
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on Young’s theory, Pole fails to notice the real nature of the 
discovery of Helmholtz, which is that the two notes are sepa- 
rately received by the ear; so that the disappearance of the 
beats is to be regarded as arising, in great measure at least, 
from the removal of the two disturbances from each other’s 
influence, and not entirely or even principally from their 
rapidity. Ihave dealt with this point in my recent paper 
(Phil. Mag. June 1881, p. 422). 1 

Pole’s second kind of beat is Smith’s beat (variation of 
maximum displacement in resultant forms). It is assumed 
that the theory of Smith constitutes a complete explanation of 
the existence of certain beats in mistuned consonances, as to 
the nature of which nothing further is said. Smith’s investi- 
gation has been sufficiently given for its nature to be fully. 
realized. It will be seen that Smith does not say any thing 
as to what the ultimate nature of the beat is; he only examines 
the superposition, and says, “ wherever there is a certain irre- 
gularity there must be a beat.” The classification of beats 
given by Pole appears therefore to import into Smith’s inves- 
tigation, sub silentio, something not really contained in i1t— 
namely, the implication that the beat thus demonstrated is 
something sui generis, and different in kind from the variation 
of a musical note. Tor all beats formed by the variations of 
musical notes appear to be referred to Pole’s third class, 
viz. the beats of Helmholtz. But before we can admit the 
existence of beats not consisting of variation of musical notes, 
we must learn what their sounds really consist of, and have 
these sounds strictly deduced from the theory ; which, to say. 
the least, has not been accomplished so far. 

The third kind of beat described by Pole is the overtone- 
beat of Helmholtz. It is too well understood for any discus~ 
sion to be needed here. 

The combination-tone beats, which were shown in my recent 
paper to be the actual principal element in the beats of mis- 
tuned consonances produced by pure notes, are brought in by 
Pole at the end, whether regarded as part of the third class or 
not is not clearly stated. iT 

The next contribution of importance is the famous paper o 
Konig on beats and beat-notes, which has been regarded by 
some authorities as establishing results inconsistent with the 
views originated by Helmholtz. This paper was to a great 
extent the origin of my work in connexion with this subject. 
The question which suggests itself continually in reading 
K6nig’s paper is, “ What did all these beats consist of ?””—a 
question which I have endeavoured to answer in my recent 
paper, and hope to answer more fully on some future occasion. 
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Konig only answers this question once, where he says that, 
in beats of the mistuned octave, the octave and fundamental 
appear alternately. I regard this as a proof that Konig’s 
notes were not free from octave. As to this see further Helm- 
holtz, Tonempjindung, 4th ed. pp. 268, 264; also Preyer, Akus- 
tische Untersuchungen (Jena, 1879), p. 15. 

On account of the importance of Kénig’s paper, I have 
prepared the following list of the rather numerous errata in 
the copy in the Philosophical Magazine, as also of those in the 
copy in Poggendorff. It is not possible to read the copy in 
the Philosophical Magazine with entire comprehension unless 
the errata have been first eliminated. 


Poge. Ann. vol. clvi. Phil. Mag. fifth series, vol. i. 


Page Page 
191, last line, 427, 10 lines from end, 
for m'=e for m=e' 
read m' =e read m'=c 
192, line 4, 427, 7 lines from end, 
for ce: d'" 
read e':d'” esd" 
192, line 10, 427, last line but one, 
eg"! for e":g" 
read ce": g" 
192, eleven lines from end, 428 line 15 
for c" é'' ‘ for ce" el 
read e' ¢’ read e” el! 
198, line 5, ay 428, 18 lines from end, 
for ce for e'c! 
read ¢” ¢" read e" ec! 
198, 8 lines from end, 429, line 18, 
: for ¢’ 
read ¢ 
193, 7 lines from end, 429, line 14, 
CG for e 
read C 
194, line 2, 429, line 22, 
for C:3b 
C:H read C: B 
194, line 8, 429, line 26, 
for oe”: div 
el" hiv read ¢”’: b1v 
208, line 1, 439, line 17 from end, 
for e 


read ¢ 


c 


Theory of the Beats of Mistuned Consonances. 277 


Errata (continued). 


Pogg. Ann. vol. clvii. Phil. Mag. fifth series, vol. i. 


Page 
508 Tino 2, 439, line 16 from end, 
for eve 
read c:¢ i 
218, line 9 from end, 444, line 8 from end, 
for ¢ 
c read c! 
218, line 5, 444, line 6, ; 
for Unison beats 
Einklang read Unison. 
Stosse Beats. 
213, 444, lines 21, 22, 28, 
RENE or Roughness and 
Rauhigkeit u. C : C very weak beats 
ganz schwach read Roughness and. 
Stosse C very weak. 
Beats. 
213, eats 
444, beginning of second period 
Octave : for octave beats ; 
Stdsse read octave. 
Beats. 
213, 444, beginning of third period, 
mMiedees for Twelfth beats 
Stiss cee _ read Twelfth. 
pase Beats. 
214, i 445, beginning of first period, 
Einklang jor Unison beats 
Stdsse read Uiiison, 
Beats. 
214, 445, last line but one of first 
period, 
e deutlich for c distinct beats 
Stosse read ¢ distinct. 
Beats. 
214, 445, heading of third period, 
for eck’ 2 cv for tery 7 6v 
read c'’’: cv read e!'": cv 
215, 446, first line of table, 
: for Unison beats 
Kinklang read Unison. 
Stdsse Beats. 
216, 446, last line but one of table, 


C vernehmbar 
Stosse 


for C perceptible 
beats 

read C perceptible. 
Beats. 
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Hrrata (continued). 


- Poge. Ann. vol. elvii. Phil. Mag. fifth series, vol. i. 
Page Page 
216, line 6, 511, line 13, 
for they coincide with the ori- 
mit den Stosstonen zusam- ginal note, and therefore 
menfallen, und sich also bei cannot be proved by it. 
diesen nicht nachweisen read they coincide with the 
lassen beat-notes, and therefore 


cannot be demonstrated - 
beside the latter., 


216, line 11, 51], line 17, 


for m—m 


wre read The beat-note =m 
Se ae, and for m'=n—m - 
ee r ead The beat-note=n—m 
225, last line of sable) 517, last line, 
for EK 
read C C 
232, 522, line 21, : 


for periodically exhibit when! 
sounded together an in- 
beim Zusammenklange zwar crease and Femerce of vi- 
periodisch an Intensitit zu- a+b 
und abnehmende Schwing- By} 
a+b read when sounded together 
2 give rise to vibrations of 


brations of about 


ungen von nahe zu 


erzeugen, 


frequency about “ acs which - 


periodically increase and 
decrease in intensity. 


The experimental results of Konig are very completely: 
stated. So far as they affect the questions in dispute they 
may be shortly put as follows:— 

When any consonance formed by notes have the relation 
of harmonic and fundamental is mistuned, beats occur. 

All such beats* may be regarded as forming beat-notes of. 
corresponding frequency, which become audible when their 
number and the intensity of the primaries are sufficient. 

Two such beat-notes, when nearly forming unison, octave,- 
or twelfth, produce with each other secondary beats. These 
in turn may-be regarded as forming secondary beat-notes. 

Difference- and summation-notes are regarded as indepen- 
dent of the beat-notes, and as being much weaker. | 

Beat-notes are regarded as not susceptible of explanation 


* T keep the experimental results clear from Konig’s hypothesis as to 
their cause. 
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by difference- and summation-notes, since the frequencies do 
not correspond”. 


The audibility of beats is regarded as depending solely on 
their number, and on the intensity of the primaries, and as 
being independent of the magnitude of the interval. (This is 
certainly not true; Helmholtz, Tonemp. 4th ed. p. 286.) 

In several other respects beats are identified with primary 
impulses of the same frequency. 


According to my results, we should correct these statements 
by saying that beat-notes are developed from beats by the 
transformation of a small definite portion of the energy of the 
beats into the beat-notes, in the transmitting mechanism of 
the ear. 


We now come to a paper of considerable interest, “On 
Beats of Imperfect Harmonies,’ by Sir W. Thomson (Proc. 
Roy. Soc. Edinb. 1877-78, p. 602.) The facts stated in this 
paper are in accordance with the details of Konig’s experi- 
ments. The phase-differences corresponding with the different 
portions of the beat are exhibited by figures of harmonic 
curves. ‘The correspondence of the number of beats with that 
deducible from the forms of the curves is demonstrated expe- 
rimentally ; and the existence of beats is demonstrated in the 
case of the simpler binary harmonies, when mistuned. 

The following is an example of the nature of the description 
of the sounds heard:—‘‘a revolving charactert which I per- 
ceive in the beat seems distinct enough to prove that the 
ear does distinguish between these configurations.” .... It 
will be seen that the author has here to some extent proposed 
to himself the question—What are the sounds of which the 
beats consist? But if my work is right, he has not attained 
the complete answer to it. 


When I first took up the consideration of K6nig’s experi- 
ments, it seemed to me that the most probable solution was 
that the notes he used were not pure from overtones. In fact, 
if we admit the existence of overtones in his notes, phenomena 
would be produced which would correspond to those he de- 
scribes. 1 now know that the beats thus accounted for would 
not contain some of the elements which do appear. But, 
since Konig gives no analysis of the constituent elements 
of his beats, it was impossible to foresee this. I consequently 
spent some time in examining the question of the production 

* This supposed difficulty arises out of the restriction to first difference- 
tones. In my recent paper the identity of the beat-notes with the various 
difference-tones is sufficiently established. 

+ Italics in original, foot of p. 610. 
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of overtones under similar circumstances, and showed that 
they do exist. Helmholtz (Tonemp. 4th ed. pp. 263, 264) 
comes to the same conclusion; also Preyer (Akustische 
Untersuchungen). And it was only by the application of the 
new methods recently placed at my disposal that I was able 
to recognize the insufficiency of this explanation, and to place 
the matter on the footing developed in my recent paper. 


It only remains to notice Koénig’s paper in Wiedemann’s 
Annalen, 1880, p. 857; and I cannot refrain from expressing 
my admiration for the clearness and thoroughness with which 
every point is examined experimentally. I cannot pretend 
to explain all the phenomena recorded; but I will endeavour 
to make clear the general point of view from which I regard 
them. 

The proposition Konig sets himself to maintain is—that a 
(pure) tone can excite also all the tones of its harmonic series. 
This proposition was maintained by Wheatstone ; and there is 
a not inconsiderable number of well-informed persons who are 
disposed to admit it. Its complete discussion is a matter of 
very great importance. As amatter of mathematics it is quite 
inadmissible, unless we admit either the impurity of the “tone” ~ 
employed or the existence of transformation. 

It is generally understood and admitted that a very small 
excitation, operating on a vibrating body of the same period, 
is capable of exciting large vibrations in the vibrating body. 
Suppose, for instance, that in Konig’s pendulum with the 
spring arrangement at the top (p. 867), the pendulum and 
weighted spring were arranged to swing in exactly equal 
periods; then, how large would the movements of the pendu- 
lum have to be to set the spring in vibration with large ampli- 
tudes? There can be no doubt that an extremely minute 
movement of the pendulum, so small as to be scarcely percep- 
tible, would be sufficient for the purpose. 

Now, suppose the pendulum arranged as Konig had it, so 
that the pendulum swung as a fundamental, and the spring in 
the period of aharmonic. Then, if the movement of the pen- 
dulum contained ever so little of the harmonic in question, the 
spring would certainly be set in vibration with large ampli- 
tudes, just as in the former case; only that, the minute amount 
of the higher harmonic motion of the pendulum being masked 
by the fundamental motion, it would appear as if the funda- 
mental itself was exciting the spring in the period of the har- 
monic. We have then only to inquire, Is it possible that the 
fundamental vibration of the pendulum can have been accom- 
panied by a small amount of harmonic? And we answer, it is 
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not only possible, but certain that it must be so. When we 
speak of pendulum-vibrations we are apt to forget our history, 
and to think of the circular pendulum as if it really executed 
perfect harmonic motions. But this is only true of the ideal 
eycloidai pendulum, which never has been realized, and is 
never likely to be. And the difference between the two is not 
negligible: we need only think of the correction for arc 
which the periodic time requires in pendulum-observations of 
accuracy, to see that higher harmonic terms must enter into 
the motion; and in all cases in which the fundamental vibra- 
tion is not very small indeed, these higher terms will certainly 
not be negligible. 

With any other experimenter than Konig I should be dis- 
posed to point to a number of influences which lead to trans- 
formation. One may possibly have escaped him : it is neces- 
sary for his purposes to be sure that the bending of the spring 
calls into action a force strictly proportional to the displace- 
ment. For large displacements it is improbable that this con- 
dition is satisfied. Further, any unsteadiness in the stand of 
the instrument leads to transformations of very considerable 
extent ; but this is not likely to have misled Konig. 

The remaining investigations will now be more easily dealt 
with. , 

On pages 860 & 861 the argument rests on the idea that the 
harmonic in the source of excitation must be developed to the 
same actual magnitude as the excited harmonic vibration. 
But this is not at all the case. According to both theory and 
practice, the excited harmonic vibration can be developed 
by an extremely small corresponding vibration in the exciter; 
and it seems to me quite probable that a large fundamental 
may contain sufficient harmonic for the purpose of excitation 
without showing any trace of it in its curves, as is apparently 
the case on page 863. 

I do not say that this is the sole explanation of the results; 
but it is sufficient to prevent me from accepting Konig’s argu- 
ment as a proof. 

There is much difficulty in the question of transmission 
through the air. When we think of the complicated series 
of currents and vortices that must surround the prongs of a 
tuning-fork, it seems very difficult to be sure that there is no 
transformation there. But certainly Kénig’s experiment with 
the phonautograph (p. 864) seems to refer us back to the ex- 
planation above stated. 

With respect to the transmission of the vibrations through 
threads (p. 865), I examined this point some years ago by 
means of a little apparatus shown to the British Association 

Pint. Mag. Soa. Vol. 12. No. 75. Océ. 1881. 4 
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in 1876. If the threads are not so arranged that the pull on 
the excited vibrator is strictly proportional to the displacement 
of the exciter, it is quite certain, both from theory and expe- 
riment, that transformation must take place. My apparatus 
consisted of a number of pendulums arranged as harmonics to 
a large and heavy metronome. The connexions were made 
with elastic threads. When the connexions were so made as 
to satisfy the above requirement as nearly as possible, I could 
reduce the excitation of the harmonic pendulums to a very 
small amount; I never succeeded in entirely stopping it. But 
it was obviously impossible to fulfil the above condition with 
any approach to real perfection. When, however, the approxi- 
mate fulfilment of the condition was purposely avoided, as by 
letting the thread just go slack at one point of the vibration, 
transformation set in at once, as it should do, and the small 
pendulums were set in violent vibration. At that time I 
pointed out the defect of Mayer’s arrangement of transmission 
by threads (note, p. 865), as it did not appear from the account 
that any means were taken to render the pull strictly propor- 
tional to the displacement of the exciter, and consequently 
transformation was to be expected. 

On the whole, no doubt, the truth of the matter is best 
stated in a form that combines much of what both parties to 
this discussion have maintained. It is quite true that, ina 
hypothetical system in which the forces called into action are 
strictly proportional to the displacements, the fundamental 
harmonic vibration cannot permanently excite its multiples. 
This is unassailable as matter of mathematics; and as to expe- 
riment, we can only say that, the nearer we approach to the 
construction of such a system, the less are the multiples excited 
by the fundamental. But I think that the actual construction 
of such a system is impossible. And so far as our actual sys- 
tems depart from the above condition, more or less, transfor- 
mation does and must take place. Wheatstone’s law is there- 
fore generally true of actual systems; and it is only incom- 
plete because it omits the question of quantity. How much 
of the multiple vibration is excited in systems whose forces 
depart to known extents from the simple law of proportionality? 
So far as we are able to answer by our general knowledge of 
the facts, they are entirely in accordance with the theory. The 
more minute comparison of the different classes of systems 
should be an experimental study of great interest but no theo- 
retical difficulty, which would materially assist to throw light 
on the general comprehension of the subject. 
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XXXV. On the best Arrangement of the Wheatstone’s Bridge 
for the Measurement of a particular Resistance. By THOMAS 

GERAy, b.S¢., f15,” 

[Plates IV., V., & VI] 

N° experimental method is in more general use than is 

that of Wheatstone’s bridge for the comparison of elec- 
trical resistances. It appears, however, that erroneous ideas 
are prevalent among practical electricians, and have found 
their way into works on electrical testing, as to the proper 
resistances to be used in the different branches of the Bridge 
in order that the most sensitive arrangement may be obtained 
in any particular case. The following investigation, together 
with some graphical illustrations of the effect of using different 
resistances, was originally prepared for the use of my students; 
but the fact just referred to has led me to believe that it may 
be found generally useful by those engaged in electrical work. 

The most general case (that in which, for the measurement 
of a particular resistance, all the other resistances, including 
those of the galvanometer and battery, may be varied) has been 
excellently treated by Prof. Clerk Maxwell, and more recently 
by Prof. Chrystal in his article ‘ Hlectricity ” in the Encyclo- 
pedia Britannica ; but, so far as I am aware, no one has con- 
sidered in detail all the different casesf. 

The subject is divided into three parts, each of which may 
be found useful in particular cases. The first part, however, is 
that which will be of the greatest service as a guide for practical 
purposes. In this part the galvanometer and battery are sup- 
posed to be constants, while the bridge-resistances are changed 
to suit particular cases. It is seldom convenient to change 
either the battery or the galvanometer much during a series 
of tests; and | therefore think this part the most interesting 
and useful. 

Part I. 


The problem is this:—With a given battery and a given 
galvanometer, and a certain resistance to be measured, what 
must the other three resistances be in order to give the best 
effect ? ; 

Let a,b, R, c (Pl. IV. fig. 1) be the resistances in the 
bridge, g and f the galvanometer- and battery-resistances, and 
G the current passing through the galvanometer when balance 


* Communicated by the Author. 

+ This paper was prepared for press before the author knew of the ex- 
istence of Mr. Oliver Heaviside’s paper in the Philosophical Magazine, 
vol. xlv. (1873) p. 114, in which the case treated in Part I. below is con- 
sidered, and concordant results arrived at. 
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is approximated to to a De determined by the equation 


ofa, 
where C is a constant very near unity. 

By the aid of Kirchhoff’s corollaries to Ohm’s law we 
readily obtain the following equation to the current passing 
through the galvanometer when H is the electromotive force 
of the battery. 

H(aR—be) (1) 
~ ab(c+R)+eR(a+b)+g(atc(b+R) * * 
+f/{(atb)(e+R)+9(a+b+c4+R)} 

Along with this equation we have the condition 

b 


Oe CURE 


Substituting C = for 6 in equation (1) and putting 1—C=1, 
we get 


HRaci 
~ CaRi(c a5 R)a +cR + g(a a ¢) +/(e aE R) + fq} 
+ac{eR +/(e+ R) +/g} +cR{g(atc) +/9} ale 


We have to find when this quantity isa maximum, R being 
supposed constant. It will be found more convenient to take 
the reciprocal of G and solve fora minimum. We have 

Ei vido , RegQet/ _Btf,, Heth) 

— 2 ID EINE NS) 

GaHR+Ag +f) +R + ; bays Oe ere 

| + oR tO ee (3) 
neglecting C and making ¢ very small. 

Differentiating this quantity with respect to a and ¢ respec- 
tively, we obtain 


dM Regie (hers) 


SP ET os 7 Rd? 
PB _ y gRo+f) +o} (5 
da oO Ra? a 
2 eed Ca ey Cary Cea) (6) 
de @ e Ra Whe 
@ Hi _ ,(R+g)(at/) 
a G 0 Se ago nA te lid iets (7) 
d ae _gR+f) 


ren ~~ Ra? Dalia 2) i? 
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ie (4) to zero, we get 


_ gah a) an (9) 
ECE oa a 
Hquating (6) to zero, we get 
»_ Ra(R+y)(at/) 
EDU a (10) 


Substituting for c in (9), we find 
guR+g)(atf ai Ra(R+9)(e+/) 


Pa te cea a ‘a (11) 
ha h+g)ars ) a 
{ (a+g)(R+/) | p ag 


the positive signs before the radicals only being taken, as a and 
ce are essentially positive. 

After reduction, all the factors being retained, this expres- 
sion takes the form 


(@ gf ED 


Hence we have 


{R+/(atg)—a(R+/)\(R+9)} =0 


Rg) ==) cand °.2ea= Ol; 

a+g i 
or a) 

ej, anid! a= Wi gp OE O Fi, Sal) ics ETE EON 
or 


(R—a)(fg—Ra)=0, and ... a=R or Hy ; 


On examining equation (11), it will be found that the latter 
two roots refer to the equation when the negative signs are 
taken before the radicals. 

From equations (9) or (10) we see that, when a=0, c=0; 
and, again, when a=//q, 


a aD) 
ieee ee OD 


Substituting these values in equations (5), (7), and (8), it 
appears that a=0 and c=0 neither give a minimum nor a maxi- 


mum, but that a= V/g and c= \ / IED) Falck g) always give a 
maximum value for G. Fe 

This leads to a very simple rule for the adjustment of the 
bridge, because, no matter what the resistance to be measured 
may be, the resistance a should have a perfectly definite value, 
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and then the subsequent adjustment of ¢ is easy after a first 
rough test for R. ; 

The effect of using the resistances given by this rule is very 
striking, and is illustrated by means of the subjoined curves. 

The first, second, and third sets of curves (Plates IV. & V.) 
show the effect of using a value of a differing more and more 
from “fg, the value of ¢ being in each case determined so as to 
give the best effect for that particular value ofa. An examina- 
tion of the curves will show that, for any particular battery and 
galvanometer, the resistance which is best measured is that 
which is equal either to the resistance of the galvanometer or the 
battery, the arrangement being equally sensitive for both. Care 
must be taken, however, not to confound this with the best ar- 
rangement for measuring the resistance here referred to; for it 
does not follow that no better arrangement can be made for the 
measurement of a resistance because it is the one which gives 
the best result in a particular arrangement. Tor instance, if 
we have a battery-resistance 100 and galvanometer 10, we find 
the greatest sensibility will be obtained when R=10 or 100; 
but, as we shall see below, if the battery be rearranged so that 
f shall also be 10, a still greater degree of sensibility will be 
obtained for the measurement of the resistance 10. 

The fourth set of curves (Pl. VI.) illustrates the effect of vary- 
ing the ratio of a to ¢ from that which gives the best effect. In 
these curves, then, a is supposed constant, while ¢ varies—the 


abscissee being proportional to ¢ and the ordinates to Gv g. 


1. 
where e denotes the electromotive force per unit of battery- 
resistance. In the first three sets of curves the abscisse are 


proportional to a and the ordinates to ONG, It must be ob- 
1.€ 


served, however, that in the third set the ordinates are ten 
times greater than they would be if plotted to the same seale 
as the first and second sets. Curves IT. and III. of the third 
set are shown on the right-hand side, with their abscisse also 
multiplied by ten. 


Part II. 


The second case investigated is that in which the galvano- 
meter-resistance is also supposed to vary, the battery-resistance 
being supposed constant in this case. This assumption is 
made with regard to the battery, because for any given value 
of H the maximum cifect is obtained when f=0. It is to be 
remembered, then, that diminishing f always increases the 
sensibility of the bridge. 
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In this case the number of turns of wire in the coil of the 
galvanometer has a considerable influence on the result, and 
hence comparison between the sensibility in one case and 
that in another when the galvanometer has been changed ig 
difficult. I have assumed in the present investigation that the 
galvanometers are all such that they will give deflections 
=AGV gq, where A is a constant, which must be the same for 
each instrument. FE; 
From equation (3) we may express BE in the form 


Ki _ & +eg 


CM, bio 


*, for a minimum 


, where ¢, C2, ¢3 are constants; 


Ci 
g= - 
op) 
R 
Be ee kg 


z f .atf 
ea ot - ac 


_ (R+2f)Rac+R@(atf)+ac(R+f)+ecR 
=" QacR+aef+aR(atf)+eR(et+f)+er 
__(R+oifRte)+Rate)} 
~ “Gate fR+e) + R(a+e)} 


R+e 
= Ss ° ry e e ° ° ° e e ° ° ° 14 
snes (14) 


We have now to combine this value of g with the values of 
a and ¢ previously found, namely 


Ge Tah hank cid Ss Cl ake ene ed) 


RAR+9) 

RC) A ee 
e+Rh 
ate 


of, 
a 


GF 
aR 


a= 


(14) 


=a 


From (12) and (14) we get 
c+h, 
3 ate 


and 
_ fR-a* 


Chi 
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Substituting this value in (13), we obtain 
(R+/f)(fR—a’)=(a—fy RRS + 2); 
“, (R3 + 2R2a—3Ra?)f—a?(3R?—2Ra—a?) =0; 
w. (R—a){R+(R4+3a)—e?(a+3R)} =0. 
And R=a is one root. There remains the cubic equation 
a’+30R—3aRf—R*f=0, . . . . (15) 


which, when solved in the ordinary way, assumes an irredu- 
cible form. It is more convenient to retain the equation as it 
stands, and solve by approximation for the numerical root in 
particular cases. 

It will be noticed that R=a is not a root which generally 
satisfies the equation, because, by equations (12) and (14), 
f= in that case, which is contrary to the hypothesis of f 
being a constant. Equation (15), however, provides a maxi- 
mum value of Gg; and hence this is the root required. 

The following table shows the calculated values of a, ¢, and g, 
corresponding to the battery-resistances (/) and the resistances 
to be measured (R), given in the first and second columns re- 
spectively. The advantage obtained by increasing / is plain 


from the increased value of - GV 9g ,as shown in the last column. 
i.e 


The same thing may be readily observed by examining the 
fifth set of curves. The abscissee of these curves represent 


battery-resistance, and the ordinates the value of Gv'g 
v.€ 
| | | | 5 
fs | R. | a. C. | g. GNg. 
@.€ 
fo) Oar 0-42 0065  O176 | 00123 
ue. 010m e eons 0:20 | 0194 | 0-0417 
ee mes 100 1-00 100 1000 | 0-0625 
ie 7110-00 2:30 373 | 5290 | 00494 
i 100-00 6:23 11°70 88810 | 0:0140 
‘ 1000-00 18-76 36-12 | 352-000 | 0-0052 
10 0-10 160 | O188 | 0256 | 0:054 
s 1-00 4-38 1-630 1918 | 0-131 
i 10-00 10-00 10000 | 10:000 | 0-197 
. 100-00 22-70 | 37-06 51:53 0-142 
1000-00 | 62:00 | 121-00 | 384-40 0-054 
50 16-00 286 148 16:36 0:343 
f 100:00 630 | 77-0 80-00 0-427 
|» | 100000 | 1510 262-0 459-00 0-469 
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Jeueuual UB 


The third case is that in which all the resistances, except 
that to be measured, may be varied. : 

If we consider the battery only to vary, we obtain the best 
arrangement when the greatest total current flows through the 
bridge; and this leads at once to the equation 


eat 
0 Bou: SOE dae tvai nice Arete (ClO) 


Now, equations (12) and (18) taken together give the best 
arrangement when the battery and galvanometer are constants, 
while (14) gives the best arrangement when the galvanometer 
is the only variable. By treating these four equations as 
simultaneous we evidently obtain the best arrangement when 
every thing may be varied. 

From (14) and (16) we get gf=aR; hence from (12) we 
have a=R; and consequently by (14) g=a. 

Substituting in (13), we find c=R; and we are led to con- 
elude that, for the best effect, 


@—=0 = — hy in 
When the resistance of the electrodes in the battery circuit 


is taken into account, the equations become (7 being the 
resistance of the electrodes) 


re Gate as Maal ARR Mooi) 
=, iwi eGLS) 
SP SS CeO) 
foostetr oo we. QO) 
From (17) and (19) we get 
joa 0. 1 OU Abb balioe G1s) 


Again, from (17) and (18) we get 


OC 


t=Ra—p ld . ° e ° e e (22) 
Combining (21) and (22), 
ee hme Gah Lore ie Eve ae 
ed a Or Pop aay eae ea (23) 
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Subtracting (20) from (21), we get 
ate 
oR 
Substituting from (23) in (24), we obtain 
A—ARE + 38R?c? + 27r(R+¢)=0. 
Similarly we may obtain 
at +2Ra?—{6Rr + 3R?}a? —8Rra—2R*r=0. 

By solving either of these equations for any particular case 
the value of a or c may be obtained; and then the values of the 
other quantities may be easily got from equations (19), (20), 
and (23). 7 

This case can only have interest when it is not practicable 


to reduce the electrode resistance considerably below that of 
the battery. 


0 a aie c) (24) 


XXXVI. Liquefaction and Cold produced by the mutual Reac- 
tion of Solid Substances. By Miss EvetyN M. Watton™*. 


HE mixing of two dry, finely-powdered salts, one or both 
containing water of crystallization, is often attended by 
liquefaction with decrease of temperature, which in many in- 
stances is very marked; and sometimes there is also a decided 
change in colour. 

A transparent homogeneous liquid is sometimes, though 
rarely, obtained; but generally the liquid holds in suspension 
an insoluble compound or an undissolved salt either in the 
hydrous or anhydrous state; and sometimes the consistency is 
that of a stiff paste. 

History.—lt has long been known that freezing-mixtures 
may be made by mixing some salt with ice or snow; and in 
1875-6 Guthrief determined the lowest attainable temperature 
of quite a large number of such mixtures. He found that 
the lowest temperature obtained with any given salt was the 
same whatever its initial temperature; also that, within certain 
wide limits, this was independent of the proportions used. 

The earliest allusion [ find made to freezing-mixtures 
formed by the use of salts only, is in the ninth volumet of 
Silliman’s Journal, where Ordway, in a paper on Nitrates 
mentions experiments in which the mixture of ammonium 
bicarbonate with hydrated iron nitrate and with hydrated alu- 
minum nitrate was followed by a reduction of temperature 


* From the ‘ American Journal of Science’ for September 1881. 
+ Phil. Mag. [4] xlix. p. 210, t IL., ix. pp. 30, 31, 33, 


< 
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from 58° to —5° F., and from 51° to —10° respectively. 
Subsequently * he mixed nitrate of iron with Glauber’s salt, 
and obtained a reduction of 32° F. 

Berthelot, in his recent work on Thermo-Chemistry, devotes 
a brief space to the subject; and the Comptes Rendus, vol. xe. 
pp. 1163, 1282, contains a communication from Ditte calling 
attention to this wonderful phenomenon. He considers the 
use of concentrated acids with hydrated salts, also mixtures 
composed solely of salts. An example is given of ammonium 
nitrate and hydrated sodium sulphate mixed together in a 
mortar, the loss of heat being about 20° C. 

Liquefaction of Salts —As far as we know, when any salt 
soluble in water is mixed with ice, liquefaction is sure to fol- 
low, and the minimum temperature is below 0° C. But when 
salts only are taken, the case is different. 

In some instances liquefaction is very evident, in others 
there is none at all, and in still others it is doubtful; whilethe | 
loss of heat is sometimes great, sometimes very slight, accord- 
ing to the amount of liquefaction. Whether moistening will 
take place or not must be decided in nearly every case by 
actual trial; and in the preliminary experiments made with 
reference to this point, I have mixed the substances in a wedg- 
wood mortar. 

From a large number of trials, the following conclusions 
have been drawn:— 

1. As a rule, it is necessary to liquefaction that one of the 
solid substances used should be hydrated. 

2. It is not necessary that each solid should be a salt. 
Moistening sometimes follows the mixing of a salt with an 
acid, a salt with a base, or a base with an acid. 


Ka—Calcium chloride (CaCl,.6H,O) with tartaric acid 
(C,H, ,). 
Sodium sulphate (Na, SO,.10H, 0) with potassium 
hydrate (KOH). 
Potassium hydrate (KOH) with tartaricacid (C,H,O,).. 


3. As, in the case of liquids, metathesis will take place if a 
compound insoluble in the menstruum can be formed, so with 
solids, if such a compound can result, metathesis is probable 
with liquefaction. 

A. If, by mixing two salts, an insoluble compound is pro- 
duced, a mixture of two others like the new ones formed will 
not, as a general thing, be attended by liquefaction. 

5. When no insoluble compound is formed, four bodies are 
probably contained in the product, metathesis being partial ; 

0T., xxvii, p. 15. 
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for it is sometimes observed that liquefaction seems equally 
marked, whether the two original salts are mixed or the two 
bodies formed by their interchange. , 

6. The rule among liquids in regard to weak and strong 
acids and bases seems to prevail with solids also, their action 
tending to promote or impede liquefaction. 

7. When, by the admixture of two salts, oxidation or reduc- 
tion can take place, there is again probability of liquefaction. 

Ea—S8nCl, . 2H, O with HgCl, liquefied. 

Fe, Cl,.12H, O ” 
CuCl, 5 2 H, O 9 
PbCl, no liquefaction. 


op) 1) 
>) ”? 
7) 2} 


In the last no change by reduction is possible. 

A new Substance.—A notable exception to the rule men- 
tioned above (that one salt at least should be hydrated), is that 
of AgNO; mixed with HgCl,. When these are rubbed together 
there is decided moistening, which would seem to prove that 
there is sucha body as anhydrous nitrate of mercury liquid at 
ordinary temperatures. On adding water a large residue of 
silver chloride is observed. 

Evidences of Chemical Change.—W hen salts capable of meta- 
thesis are mixed, in addition to liquefaction, change of colour, 
formation of an insoluble compound, and escape of a gas are 
proofs of chemical reaction. 

An important difference sometimes noticed between mix- 
tures of salts in the solid and the liquid form is the escape, in 
the former case, of some gas, as C, H,O,, CO,., HCI, or NHs. 
The gas is dissolved by a liquid solution and eludes observation. 

Classification.—Cases of liquefaction may be divided into 
two classes—the first including those in which there is mutual 
exchange of base or acid, the second those in which there is 
no interchange. 

The mixture of lead nitrate with sodium carbonate is an 
example of the first class. There is metathesis, and we obtain 
lead carbonate, sodium nitrate, and ten equivalents of free 


water. 
Pb (NO3). + Na, CO; oa) H, O 
= PbCO,;+2NaNO,+10H, O. 

Hydrated Product—When iron nitrate is mixed with eal- 
cium chloride, thirty-six equivalents of water in some form 
are obtained. 

Fe, (NO3)¢ ° 18 ts O =F 3| CaCl, 5 6 i O] 
= Fe, Cl, ok B Ca (NOs). oe 36 H, O. 
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Having mixed equivalent weights, the product was dried on 
the smooth surface of a plate of plaster of Paris, which absorbed 
the moisture; and an analysis showed the two new salts ob- 
tained to be hydrated. 

Therefore 


Fe, (NO3)¢ : 18 lal O aS a[ CaCl, ° 6H, O] 
=Fe, Cl, .12H, 0* + 3[Ca (NO;)..4H, 0] -+12H, 0. 


This experiment was repeated with a mixture of Fes( NOs), . 
18H, O with NaCl, also of Ca(NO;),.4H,O with MgSQ,. 
7H, 0; and the fir st product was found to contain iron chlo- 
le the second nitrate of magnesium, both in the hydrated 
form. 

At the more or less low temperature due to liquefaction, 
there is naturally a tendency for salts to crystallize out from 
the saturated solution. 

The crystalline character is sometimes perceptible to the 
senses; for the product often contains grains much coarser 
than did the finely-powdered salts first taken. 

Lifect of Temperature.—Experiments show that sometimes 
liquefaction takes place readily at a temperature somewhat 
elevated, but not at all at a low temperature. A mortar and 
pestle which had been warmed by hot water were occasionally 
used, care being taken that the heat should not be great enough 
to cause either of the original salts to melt in their water of 
erystallization. 

When two salts capable of metathesis are mixed, chemical 
action apparently begins immediately at every point of con- 
tact. But there is a limit to the fineness of division which 
may be effected by mechanical means; and the substance 
consists of minute grains coated on the outside with the new 
product, while remaining unchanged at the interior. 

When liquefaction ensues, the interchange is continued, 
either because by removing the particles of the product new 
surfaces are presented, or because the liquid, penetrating the 
granules, separates them into their molecules. 

If the salts taken furnish little or no water in excess of that 
required to combine with the new ones formed, the process of 
interchange apparently soon ceases, unless sufficient heat is 
supplied to prevent the constituents of the product from assu- 
ming the solid form. 

Dificulily Soluble Salts—When salts difficultly soluble are 
used, moistening follows but slowly, if at all. The molecules 


* It was found that Fe,Cl,.12H,O, and not Fe,Cl,.6H,O, was 
formed, 
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of such substances are not easily separated with a limited 
supply of water, especially at a reduced temperature. 

Liquefaction without Chemical Reaction.—The second class 
referred to above includes mixtures of salts of the same base, 
or having the same acid; and although it seems to be the ex- 
ception rather than the rule that there should be liquefaction 
in such cases, yet this sometimes occurs. 


FEa.—Fe, Cl, ° 6 ii O with Fe,(NO3)¢ ° 18 JEl OF liquefied 


Fe, Cl, 12H, O “ ss if 
FeCl, > A. O* 99 33 3 
FeSO, . 7H, O ” ” ” 
39 9 Fe, Cie bi; @ 39 
Nas C, H, OF 6 H, O 9 PoC, ie (Ope ayels (CU) 33 
ob) 39 K, C, He Oz 9 
99 35 ZnCz Tals O, . SIE ls O 39 
Nas80, MOHEO f+. ZaS0,. 7HRO : 
| a0 0 4 
CaCl,. 6H, O ” Fe, Cly-12 Hy O . 
9 3” CuCl, . 2H, O 0 


Some interesting experiments with caustic soda (NaOH) 
showed that when it was used with any hydrated sodium salt 
the combined water was liberated, evidently to satisfy the 
affinity of NaOH for water. 

KOH was also used with various hydrated salts; and in 
every instance liquefaction ensued. Apparently the hydrated 
salt was attacked for the sake of its water; and the first reac- 
tion seems to be appropriation of water by KOH, which is 
doubtless followed by metathesis in most cases. 

Liquefaction in the examples given above, however, can- 
not be explained in this way. Neither is there metathesis; 
and evidently double salts are not formed. 

Having mixed equivalent weights of ZnSO,.7H,O and 
Na,SO,.10H,0, the composition of the resulting solid part 
was found not to be that of a double sulphate, there being an 
excess of Na, SQ,. 

Hquivalent weights of CaCl,.6H,O and Ca(NO3;),. .4H,O 
were mixed, also of Fe,Cl, . 12 H,O and Fe,(NO;), .18H,0, 
with a view to analysis; but in each case the thin liquid dis- 
_ appeared entirely into the plaster plate used for absorption, 
leaving only a stain visible. 

Theory.—These examples must be similar in nature to mix- 
tures of salts with ice, which result in liquefaction and solu- 
tion of the salts. 

* Of course a ferric and a ferrous base are not strictly the same; but 


ferrous nitrate is too unstable a body with which to work except in the 
coldest weather. 
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That the cold produced when ice and a salt are mixed is due 
to rapid liquefaction of the ice is plain enough; but I have 
seen no attempt made to explain the cause of the liquefaction, 
until Ordway last year announced his theory of the “ diffusion 
of solids’’ in an address * before the American Association 
for the Advancement of Science. 

We know that the molecules of a body are in a state of 
constant oscillation, and that if a salt solution be placed in 
contact with pure water, diffusion takes place until the mole- 
cules of salt are equally distributed throughout the mass. 

So, too, when the solid is placed in water, solution follows, 
or, in other words, diffusion. Now, when a salt and water, 
both in the solid form, are in contact, there is probably the 
same tendency to interpenetration. But a mixture of water 
and salt molecules cannot remain in the solid form except at 
a low temperature, and the rigidity of the solid state is over- 
come, because oscillations of the water and the salt molecules 
cooperate to produce a greater motion. 

Graham found that although sodium chloride is not at all 
deliquescent, yet the saturated solution has a great affinity for 
water. Therefore when the smallest quantity of the salt is 
once in solution the first step is taken, and the melting of the 
ice continues rapidly. If this is the true explanation of the 
action of sodium chloride on ice, the problem is solved. 

When salts capable of metathesis are used, this physical 
phenomenon is complicated by chemical reaction. Liquefac- 
tion probably results when CaCl, .6 H,O and Ca(NO;), . 4H,O 
are mixed, and in similar cases, because the crystallizing-point 
of these two bodies together is lower than for each alone—just 
as the freezing-point of salt water is lower than that of fresh 
water, and as the fusing-point of an alloy is sometimes below 
that of either of its constituents. 

Calorimeter.—F or further experiments in which the reduc- 
tion of temperature might be measured with some degree of 
accuracy, it was desirable to secure a closed space in which 
radiation and convection should be reduced to a minimum, 
‘and the heat of the surroundings should be constant. A calo- 
rimeter was therefore constructed somewhat like that used by 
Berthelot in some of his investigations. 

It consists of a covered circular tank of fourteen-ounce 
tinned copper, of about twelve gallons capacity, placed in a 
much larger wooden case, the space between the walls of the 
tank and case being filled with loose cotton. 

The upper surface of the tank has four wells, each to re- 
ceive a cylindrical vessel of polished german silver resting on 

* Proceedings Amer. Assoc. Ady. Science, vol. xxix. p. 293. 
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cork supports and having an air-space around and under it. 
Hach of these vessels, containing a glass beaker of smaller 
diameter (also on cork rests), is furnished with a closely-fit- 
ting cork cover, perforated to admit a thermometer and a 
slender wooden stirrer consisting of an upright rod with cross 
arms at bottom, like a pug-mill. 

The thermometers have each a long stem with the scale on 
the upper part, so that readings even to —40° C. can be taken 
without raising the bulb from the mixture. 

The tank is kept filled with water*; and this is frequently 
agitated by a stirrer moved with a crank. The stirrer re- 
volves horizontally in the bottom of the tank; and having two 
blades like a propeller, it agitates the water thoroughly from 
bottom to top, the moistened part being always immersed. 
Over the whole is a closely-fitting wooden cover, also perforated 
for the thermometers and stirrers. 

The salts to be mixed, after finely pulverizing, were placed 
in separate beakers within the calorimeter, and left for a time 
to acquire a uniform temperature. The contents of one 
beaker were then added to those of the other, the cover 
replaced as quickly as possible, and the whole mixed vigor- 
ously by twirling the stirrer. Liquefaction generally took 
place in five to ten minutes; and observations of time and 
temperature were then taken, slight agitation being still con- 
tinued. There being four beakers, two experiments can be 
carried on at the same time; and as the cover is not ina 
single piece, one portion can be removed without uncovering 
the other pair of beakers. 

Equivalent weights were taken, seventy grams being used 
at first; but this was afterward increased to one hundred grams. 

From the following observations it will be seen that the 
amount of radiation and convection is so small that it may be 
disregarded.. 

Mixture of Mn(NO,). .6H,O0 with Na,CO;.10H,0. 


Temperature of water of calorimeter, 18° C. 


Time. Temperature. 
QO min. 19 C. 
4 ” me 
Oe —110 
bn. —10°5 
ik Oats —10°5 
tl ames —10 
Di = 7 
25, ae: 


, 
* Water of any decided temperature may be used. 
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Six minutes were required to reach the lowest point; and 
during the next five minutes there wasa gain of but 0°5. 
Stirring was stopped at the end of eleven minutes, 

Lowest attainable Temperature.—In addition to Guthrie’s 
discoveries already mentioned, he found that when two salts 
were used with ice the minimum temperature was unlike that 
of either alone, each exercising an influence over the other. 

Most of my experiments with the calorimeter were made 
for the purpose of discovering whether or not the lowest at- 
tainable temperature of a given salt when mixed with ice is 
the same if that salt is produced in a freezing-mixture of two 
salts, also if it is independent of the initial temperature and 
the proportions used. 

The hydrated sulphate and carbonate of sodium were each 
mixed with various nitrates, whereby nitrate of sodium was 
produced and a sulphate or carbonate, usually an insoluble 
compound, which I thought could not influence the result. 

The lowest attainable temperature of sodium nitrate with 
ice is —17° C. 

The following results were obtained with metals whose 
carbonates are without doubt anhydrous insoluble com- 
pounds :— 

Initial Lowest 


temp. temp. Loss. 
Pb(NO3), with Na,CO; ° 10H,O 19C. —17 36 
9 ” ” 0 salt 17 
Ba(NO3)o ” ” 21:3 —13°7* 35 
9 2 ” ll ll 16 
Al,(NOz)¢.18H,0 ,, es 14 oy pokey yg oo 
9 ” ” — a. —18 14 

Cu(NO;)2.6H,0 _,, f 16:5, —18 > 9 34-5 
” oD) 5) aa —15 tT 13 


With the nitrates of zinc, manganese, iron, and chromium 
the results were not so free from modifying influences as I 
had anticipated, basic carbonates being formed not wholly 
insoluble at low temperatures. 

The interesting fact was thus revealed that ferric carbonate 
or basic carbonate exists in the liquid form at a low tempera- 
ture, say —20°C. The colour is a deep red ; and, as the mix- 
ture gradually warms, CO, is rapidly given off, causing the 
contents of the beaker, which was not at first more than half- 
filled, to overflow and insoluble Fe,O3; to be deposited. 


* An insufficient quantity was taken. 
+ Liquefaction proceeded very slowly. 


Phil, Mag. 8. 5. Vol. 12. No. 75. Oct. 1881. Z 
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Initial Lowest 
temp. temp. Loss. 


Mn(NO,)2.6H,O with Na,CO;.10H,O 18 —14 32 
{ ‘3 9 S96 iamael 


3? 
Zn (NO3). . 6H,O 9 ” 20 —16°7 36°7 
i i é —1 21:5 2205 
Cr.(NO;),.18H,O ” 7) — 3 —22 19 
Fe,(NO3),.18H,0 99 9 13:55 —17 30°5 
i é i 105 —17 9 275 
99 99 ” a 99 24 21 


It will be seen from these and the following results that the 
minimum temperature is not independent of the initial tempe- 
rature ; it was also found that the lowest point varies with 
the proportions taken : | 

Initial temp. Lowest 

Ist, 2nd. temp. 
Pb(NOs), with Na,CO; : 10H.O 45 92* = 
Fe,(NO;),.18H,O 9 99 39 32 — 4 
Al,(NO3),.18H,0 _ ,, . 37 «6382 — 2 


With the nitrates of magnesium and calcium the tendency 
to metathesis is so slight that the liquefaction is not rapid 
enough to produce any great degree of cold; and with an ini- 
tial temperature of —2° there is no liquefaction whatever. 

The time allotted for the completion of my graduation 
thesis, of which this paper gives the substance, rendered it 
necessary to suspend for the present the continuation of these 
experiments. This work was undertaken at the suggestion 
of Professor Ordway, to whom the subject has been one of 
interest for some years, but whom the pressure of other duties 
has prevented from pursuing an investigation. He has, 
however, given considerable thought to the matter, one of 
the results of which is his theory of the “‘ diffusion of solids.” 
His predictions that there may be liquefaction without 
chemical reaction, and that the product obtained from the 
mixture of salts is sometimes hydrated, were both confirmed 
by the results of my work. He devised the calorimeter 
which was used; and I am indebted to him also for valuable 
suggestions and advice. 


Mass, Inst. Technology, June 3, 1881. 


* The temperature of Na,CO,.10H,O could not be raised so high as 
that of the other salts, without melting. 
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XXXVI. Note on a new Method of Measuring certain 
Chemical Affinities. By ALFRED TRIBE”. 


W BEN a metal is immersed in an electrolytic field (7. e. 

in an electrolyte in the act of electrolysis), and the 
electromotive force set up on any part of its surface suffices 
to overcome the aflinities of the radicals of the medium, the 
positive ion separates on that part of the surface which may 
be supposed to have received — electrification, and the nega- 
tive ion on that part which receives + electrification. 

When the metal is in the form of a rectangular plate and 
placed so that the lines of force are perpendicular to its sur- 
face, the maximum electromotive force set up is on the central 
parts of such a plate, becoming less towards the edges, where, 
and for some little distance from which, it is insufficient to 
initiate electrochemical action. 

When the rectangular plate is placed in the electrolytic 
field so that the lines of force are parallel with one of its edges, 
the maximum electromotive force is on the end of the plate, 
becoming less and less towards the central parts until it no 
longer suffices to bring about electrochemical action. This is 
denoted by the boundaries of the deposits, which in many cases 
are very sharply defined. A plate in fact, in the position just 
named, may be regarded, in so far as electrical power is con- 
cerned, as a series of pairs of electrodes, the limits of the 
electro-deposits representing a pair, the electromotive force of 
which is just incapable of resolving the electrolyte into its 
constituent ions (Proc. Roy. Soc. nos. 209, 214, 1881; Phil. 
Mag. vol. xi. p. 446, 1881). 

The very intimate relation between electromotive force and 
chemical affinity was a long time ago pointed out by Sir W. 
Thomson, and more recently in an elaborate research by Dr. 
Wright. It was therefore anticipated that if, in a series of 
trials, the chemical affinities were altered while other circum- 
stances remained the same, the magnitude of the intermedial 
space between the boundaries of the electro-deposits would 
increase along with the force required to overcome the affini- 
ties of the ions of the electrolyte. 

A series of experiments with molecular solutions of the 
chloride, bromide, and iodide of zinc with plates (analyzers) 
of silver, copper, iron, and zinc showed that this is the case ; 
2. é. the intermedial space with the chloride was greatest, the 
bromide less, and the iodide least. Another series with silver 


* Communicated by the Author, having been read at the Meeting of 
the British Association, York, September 1881. 
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analyzers, but with molecular solutions of the sulphates of 
zinc and copper, showed that the intermedial space in the case 
of the zinc sulphate was much the greater. Again, another 
series with zinc sulphate showed thata zine analyzer gave the 
least intermedial space, iron greater, copper greater still, and 
silver most of all. 

This method affords a simple means of demonstrating differ- 
ences of chemical affinity ; but whether it is capable of giving 
more than approximative measurements will require further 
investigation to determine. In some cases secondary actions 
are, of course, set up, so that the intermedial space would repro- 
sent the initial electromotive force + or — any interfering 
electromotive forces. 


Dulwich College, 
August 1881. 


XXXVIITT. On the Number of Electrostatic Units in the 
Electromagnetic Unit. 


To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, 
I BEG to ask you very respectfully to allow me to publish 

a few lines regarding Dr. C. R. A. Wright’s letter (the 
August number of this Magazine) in connexion with my paper 
(Phil. Mag. Dec. 1880). It is with the greatest regret that I 
am again compelled to trouble you with the subject, simply 
because of the mistakes (for which I feel extremely sorry) in 
the simplest part of my paper, namely putting down the nume- 
rical figures in the table (p. 434, Phil. Mag. Dec. 1880). It 
should stand thus:— 


a. r. R. Rtan ae. 
Ad 15 75 ohms 107:88 ohms 105-09 
42 45 80a, 112:88_,, 104:34 
51 39 50 lice 82°88, 104:76 


.. the mean value of R tan «=104:73 x 10° (C.G.S8.). 

The truth was that I was trying the experiment first with 

80 75 
it for 7, but changed them to 80 
convenient deflections, and copied down wrong numbers from 
my notebook. As the values of R tana were several times 
worked out and examined carefully before the paper was 
written (a close agreement between themselves having been 
observed), I was so certain of their accuracy that every time 
I read the proof I passed over the table. As to the mistake 


\ ohms to get more 
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in the numbers 0:904187 and 0:03488 (p. 433, Phil. Mag. 
Dec. 1880), in which the decimal point should stand on the 
left of the first zero, I trust you will take it for granted that 
it is a misprint. 
I have the honour to be, Gentlemen, 
Your most obedient Servant, 


R. SHIDA. 
Japanese Legation, London, W. 
September 4, 1881. 


XXXIX. Answer to Dr. Wright’s Remarks on Mr. Shida’s 
Measurement of the Number of Electrostatic Units in the 
Electro-magnetic Unit of Electromotive Force. By ANDREW 
Gray, I.A., Assistant to the Professor of Natural Philo- 
sophy in the University of Glasgow. 


To the Editors of the Philosophical Magazine and Journal. 
GENTLEMEN, 
ees I, as one to some extent cognizant of the experi- 
ments the accuracy of which is called in question by Dr. 
Wright, may be allowed to say a few words in reply to his 
letter printed in your last number. 

The discussion originated (as Dr. Wright states in that letter) 
in his remark, in the Philosophical Magazine for May 1881, 
that the assumption of the equality of the H.M.F. of a Daniell’s 
cell when generating a current, with that of the same cell 
when its poles are insulated, would introduce an error in the 
final result of Mr. Shida’s research. That this assumption 
was not made has been already explicitly stated by Mr. Shida; 
but perhaps, in view of Dr. Wright’s account of the matter 
above, it may not be amiss to sketch shortly the method of 
investigation which Mr. Shida employed. 

For a reason which will presently appear, he proceeded in 
the following manner:—(1) He compared by means of a 
quadrant-electrometer the H.M.F. of a battery of tray Daniells 
with that of the cell chosen; (2) measured by means of a 
Thomson’s absolute electrometer the electrostatic value of the 
H.M.F. of the same tray battery ; (3) repeated the quadrant- 
electrometer comparison. (Dr. Wright is therefore in error 
in stating in his July Note, and again in his letter of last 
month, that the quadrant-electrometer comparison was made 
before and after the electromagnetic valuation. Yet Mr. 
Shida’s statement on this point is perfectly free from ambi- 
guity.) These experiments were several times repeated, and 
afforded plainly a means of measuring accurately, more accu- 
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rately than if the cell had been applied directly to the absolute 
electrometer, in absolute electrostatic units a difference of 
potential equal, or nearly equal, to the H.M.F. ofa Daniell’s cell, 
by a quadrant-electrometer. Thus the quadrant-electrometer, 
a much more convenient instrument than the absolute electro- 
meter for rapid experimenting, and for the purpose to which it 
was to be applied, could be used in the remainder of the inves- 
tigation, which, as appears clearly from Mr. Shida’s paper, 
supplemented by his note in the June number, consisted in 
the measurement, both electrostatically and electromagneti- 
cally, of one and the same electromotive force. 

For the electromagnetic measurement, the cell was placed 
in circuit with a resistance-coil and a tangent-galvanometer, 
and the current measured as described by Mr. Shida. But Mr. 
Shida has since stated that, while the current was thus flowing 
through the ga:vanometer, he measured the difference of poten- 
tials at the two ends of the external resistance by the quad- 
rant-electrometer, and calculated from this, by a simple appli- 
cation of Ohm’s law, the H.M.F. of the cell while generating 
acurrent. There could therefore be no question here of pola- 
rization-error ; for the method is plainly equivalent to deter- 
mining simultaneously, in both kinds of units, the difference 
of potentials between the two ends of the external resistance. 
These measurements, Mr. Shida has told me, he has since care- 
fully repeated with different resistances in circuit, obtaining 
results which one and all differed only very slightly from the 
H.M.F. of the cell with its poles insulated. Hence, even if 
the assumption deprecated by Dr. Wright had been made, no 
appreciable error in the result would have been introduced. 
Of course I do not overlook the fact that the determination 
of the resistance of the cell by the ordinary method of measu- 
ring the difference of potentials between the poles of the cell 
when insulated, and again when connected by a known resist- 
ance, will be in error if there is a diminution of L.M.F. due 
to polarization in the latter case ; but even a considerable per- 
centage of error from this cause will not, in the calculation by 
Ohm’s law of the H.M.F. of the cell when generating a cur- 
rent through a large resistance (such as that used by Mr. 
Shida), mask the diminution, if sensible, of H.M.F’. produced 
by the current through that resistance. 

These results of Mr. Shida’s have been confirmed by expe- 
riments which I have myself made to determine the diminu- 
tion, if any, of H.M.F. caused by polarization in a Thomson’s 
gravity Daniell* similar to that used by Mr. Shida. By 


* This cell consists of a copper plate about 720 square centim. in area 
and a zinc grating of about the same area separated by a diaphragm of 
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an application of Poggendorff’s method of compensation, 
in which, by applying the poles of a gravity Daniell to two 
such points in the circuit of two cells of the same kind that 
no current was caused to flow through the derived circuit in 
which the first cell was thus placed, the H.M.F. of the two 
compensating cells was determined in terms of that of the 
compensated cell, the resistance between its poles, and the 
total resistance in the circuit of the former. By using two 
values of these resistances, and assuming that the electromo- 
tive forces were the same in the two cases, two equations were 
obtained, from which the E.M.F’. and resistance of the com- 
pensating-battery could be calculated. The result showed that, 
with a total resistance of about 10 ohms in circuit, the E.M.F. 
of each of the compensating-cells was diminished by only about 
‘6 or ‘7 per cent. after the current had flowed for several | 
minutes. The internal resistance of the two cells deduced 
from these experiments agreed within about 1 per cent. with 
that calculated in the ordinary way from the readings of a 
quadrant-electrometer when the battery-poles were applied to 
it (1) insulated, (2) connected by a resistance of 1:96 ohm. 

It should be stated that Mr. Shida’s later determinations of 
v were made exclusively with Thomson’s tray Daniells. The 
plates of these cells are about 2 feet square, and the resistance 
of each from ‘04 to 1 ohm. Mr. Shida found no trace of pola- 
rization at all in these cells with the resistances he used in 
circuit, | 

How Dr. Wright could suppose for a moment that any 
person who had a knowledge of Ohm’s law could confound 
the difference of potentials at the two ends of the external 
resistance with the electromotive force of the cell I cannot 
imagine ; yet itis on this supposition that his long note in the 
July number of the Philosophical Magazine, with its allega- 
tion of a 2-per-cent. error in Mr. Shida’s result, is founded. 
Surely no “explicit statement”’ on the part of any one was 
required that one of the commonest rules of electrodynamics 
was observed in the calculations ! 

The discrepancies, however, which Dr. Wright points out in 
the numbers which Mr. Shida has given in his paper are real, 
but admit of easy explanation. I find, on referring to a report 
of work done last summer furnished by Mr. Shida to Mr. J. T. 
Bottomley, and dated 25th July 1880, which includes.an account 


vegetable parchment, contained in a large shallow glass vessel filled up 
with a solution of zinc sulphate. Crystals of copper sulphate are placed 
in a glazed earthenware vessel resting on the zinc, and. communicating by 
ee earthenware tube with the liquid immediately above the copper 
plate. 
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of the experiments on which Mr. Shida’s paper was founded, 
and which has been in Mr. Bottomley’s possession ever since, 
the following statement of results:— 


“ Deflections, «. Resistance, R.” (in ohms). 
“(1) 44 15 107°88 
(2) 42 45 ¢ corresponding to < 112°88 
(3) 51,39 . 82°88 


“ Therefore we get,” in C.G.S. units 
“(1)  Rtan a= 105-09, 
(2) Rtana=104:35, 
(3) Rtana=104:785*, 


“and the mean value of 
“ Rtan e=104:73.” 


It is plain therefore that Mr. Shida, in copying down from 
his notebook specimens of his numbers, inadvertently wrote 
45° 15/ in the first column of the table for the calculation of 
Rtana, and in the second column gave 80 and 100 instead 
of 75 and 80 respectively. The table ought accordingly to 


stand :— 
ob. t. R. Rtan a. 
44 15 75 107:88 105-09 
42 45 80 112:88 104:34 
51 39 50 82°88 104:76 


which gives Mr. Shida’s average value of R tan a, viz. 104°73. 

Ido not think that Dr. Wright’s letter calls for further 
remark from me, except that, whatever may be the influence 
of these “ peculiar numerical aberrations’’ on the minds of 
readers of Mr. Shida’s paper, we may take it for granted that 
they had had no effect in leading Dr. Wright to believe that 
* oversights had been made in other portions of the research,”’ 
or that precautions not mentioned “ were probably omitted ;” 
for if these aberrations had been observed by Dr. Wright 
before he wrote his note in the July number of the Philoso- 
phical Magazine, he would probably not have forgotten them 
when pointing out the trifling slip in misplacing the decimal 
point in the statement of the electrostatic values of the cell 
and battery. 

I have the honour to be, Gentlemen, 
Your obedient Servant, 
Physical Laboratory, the University, ANDREW GRAY. 
Glasgow, September 1881. 

* This value of Rtan a, 104:785, has obviously been written by a slip 

of the pen instead of 104°755. 


305) +] 


XL. Intelligence and Miscellaneous Articles. 


EXPLANATION OF AN ANOMALY IN DOUBLE CIRCULAR 
REFRACTION. BY M. CROULLEBOIS. 
(THE two inverse circular rays have a separate existence outside 
the quartz; to be convinced of this it is sufficent to repeat 
the following experiment :—Taking a biquartz of 60 millim. thick- 
ness, we pass interfermg pencils, polarized or natural, through 
each half; we then receive these pencils, superposed, upon the 
horizontal slit of a direct-vision spectroscope. Under these con- 
ditions we observe two distinct systems of curved longitudinal 
fringes presenting the characters of inverse circular polarization. 
Lf we explore the common field directly with the lens, we get two 
lateral groups of vertical fringes, resulting from the interference 
of rays of the same gyration unequally retarded in the biquartz. 
For a long time it was possible to believe that the distance, 
estimated in fringes, of the two central bands gave the measure of 
the circular birefringence for the middle rays of the spectrum. It 
is far from being so; the observed 1s always greater than the theoretic 
displacement. Kor example, with a quartz of 42 millim. M. Billet* 
ascertained that this distance amounts to 24 fringes and is more 
than double the theoretic value, which would be 10°5. My pre- 
sent purpose is to explain this disagreement between theory and 
observation. Even in white light, with the lens only, the position 
of the central fringe is often doubtful; with the spectroscope, 
employed as stated above, there is no longer any uncertainty. The 
central fringe is always delimited by the two black lines equally 
inclined in both directions from the vertical. Having made this 
remark, let us return to the experiment, and suppose that the 
observer has the group of circular fringes to the left; the central 
band answering to the different colours will be thrown back un- 
equally. The displacement will be given by the formula 


fH=K.e(n"—n’), 


and will be proportional to the numbers 58, 62, 70, 80, 87, and 
100 respectively for the lines B, C, D, EH, F, G. Thus the central 
fringe of the violet is much more displaced than that of the red, 
and the black line (place of those central fringes) is strongly in- 
clined upon the vertical. To the right of this singular line BG the 
attendant bands become more and more oblique; to the left, on 
the contrary, they reerect themselves ; and as the distance between 
two successive bands is greater in the red than in the violet, on 
advancing towards the left we shall find two black lines inclined 
symmetrically: it is there that the central fringe IK of the dis- 
placed system must be formed. But how many fringes must we 
20 forward to meet with that central fringe? Let us observe, Ist, 


* Optique physique, t. li. p. 243. 
Phil. Mag. 8. 5. Vol. 12. No. 75. Oct. 1881. 2A 


306 Intelligence and Miscellaneous Articles. 


that we must have IB=KB,, B,. being the projection of the point 
B upon the horizontal KG ; 2ndly, that there are as many fringes 
of the rays G as of the rays B, from the curve BG to the vertical 
IK. Consequently we have the evident relation 


42(f—Fa)tMmg=iMrg, 
m=6-81. 


whence 


Accordingly, besides the theoretic displacement, we must advance 
6°81, which gives 12°06 fringes, and consequently, in conformity 
with the experiment, 24 fringes for the displacement of the two 
groups. 

_ With my biquartz of 60 millim. I have met with the same ex+ 
aggeration. ‘The thickness capable of producing the retardation of 
one wave-length upon the middle ray of the spectrum is usually 
estimated at 8 millim.; the distance of the centres of the two 
lateral systems ought therefore to be 15 fringes. Now it is found 
that this distance reaches the figure 34; and this exaggeration of 
the displacement is explained as above. 

According to the formula we have 


m—9 7. 


which number added to 7:5 gives 17:2, and consequently (very 
approximately) 34 fringes for the total displacement. 

It results from the above that the abnormal displacement of the 
two lateral groups receives a natural explanation, and that it cannot 
be taken advantage of as an argument against Arago’s hypothesis. 
—Comptes Rendus de ? Académie des Scrences, September 12, 1881, 
t. xcill. pp. 459-461. 


ON THE LIGHT OF COMETS. BY M. RESPIGHI. 


The appearance of the fine comets 6 and c 1881 has presented 
to astronomers the opportunity of making new researches upon 
the light of those stars; and the results obtained by spectroscopy 
and photography have appeared to confirm the idea that their light 
is due in part to reflection of that of the sun, and in part toa 
light which is the cometary matter’s own. 

There is no doubt as to the first part of this conclusion, since to 
the proofs already acquired Mr. Huggins has succeeded in adding 
the photograph of Fraunhofer’s lines in the spectrum of comet 6 
‘ 1881; but on the second point—that is to say,/on the question of 
knowing whether the comet emits a light of its own, due to a real 
incandescence, I think there is no ground yet for giving an 
affirmative decision. Indeed it seems to me that the discontinuity 
of its spectrum, as well as the bright lines or bands, may proceed 
from the same cause, namely reflected light, if regard be had to 
the modifications which that light must have undergone in passing 
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through the gases and vapours which constitute the entire mass of 
a comet. 

“Tt is certain that the greater portion of the light transmitted by 
comets comes from the interior of their mass, and that it has 
traversed deep strata of gas or vapours; it must have undergone 
there the elective absorption proper to those vapours and to the 
compounds which result from them./ It is therefore natural that 
dark lines or bands should be produced, different from Fraunhofer’s 
lines, which are peculiar to the light of the sun. Thus, besides 
the faint but complete spectrum of that light, produced by re- 
flection from the external parts where the absorption is insensible, 
another spectrum must be produced, coming from the deeper parts 
and greatly modified by more powerful absorption. 

The limits of a mere Note do not permit me to enter into the 
details of my numerous spectroscopic observations of the comet 
6 1881; but I can affirm that they appear to confirm this view; 
that is to say, the phenomena do not seem to require the inter- 
vention of a light due to the incandescence of the cometary matter. 
Hence it would follow that the discontinuity of this spectrum 
comes from the same cause which gives rise to wide dark bands in 
the spectrum of the sun when he is near the horizon, or in the 
spectra of the atmospheres of the planets, with the sole difference 
that in the comets the phenomenon is exaggerated in consequence 
of the enormous thickness of the absorbing strata, their richness 
in chemical compounds, and the faintness of the light which they 
reflect toward us. It would therefore be necessary, for the spectral 
analysis of the comets, ‘to proceed as we do for that of those atmo- 
spheres—that is to say, to fix our attention not so much upon 
the bright bands as upon those which owe their darkness to 
absorption.—Comptes Rendus de V Académie des Sciences, 5th Sep- 
tember 1881, t. xci. pp. 439, 440. 


ON THE MAGNETIC METALS. BY M. GAIFFE. 


With the view of seeking out the best conditions for the pre- 
paration of magnets of cobalt and nickel, of which I have the 
honour to submit some specimens to the Academy, I tried those 
metals in different states. 

The samples which were used for the trials were obtained by 
means of the electrochemical processes communicated to the 
Academy by Mr. Adams and me on January 7, 1870, and July 15, 
1878, by employing currents of suitable intensity for rendering 
the metals very hard. 

After dividing the samples into bars of nearly equal dimensions, 
I left some bars of each metal in the hard state; others were 
annealed ; and others were annealed and forged. All were after- 
wards magnetized in the same manner, and the magnetism 
measured directly with the magnetometer. After thirty-six and 
seventy-two hours of rest, it was measured again, 
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Although only taken very approximately, these measurements 
(recorded in the annexed Table) will nevertheless, I hope, suffice 
to show what relatively great coercive force these metals, especially 
cobalt, can acquire in a state of purity, when it is known that pure 
iron, obtained by the same means, gave under the same circum- 
stances only inappreciable deflections. 

For completeness I add that some examples of cobalt which took 
only a weak magnetization two years since, when I made these 
experiments, became strongly magnetized now, without having 
been annealed, and having lost nothing of their original hardness. 

It would a priort seem that the feeble coercive force of these 
metals when they issue from the galvanoplastic baths is due to 
the presence of hydrogen in combination with them, and that as 
soon as it has disappeared, either by the action of heat or by 
spontaneous liberation, nickel and cobalt resume their real coercive 
force. In that case the action of hydrogen would be analogous to 
that of the metals which are combined with nickel to constitute 
argentan : it would paralyze their magnetic power. 


Comparative Table of the Coercive Forces of Nickel and 
7 Cobalt in different States. 
Deflection in 


the magnetometer. 
“a 


Conditions of the experiments. 


Nickel. Colt! 
Immediately after magnetization : | 
iBarmot annealed’, oss mice « « aeonitues 2: ale: 5° 30)’ 
PAGRATIMCR CC: tee hoyT es aesesate eee ae co. uoee20 lt” 4e 
7 aanmealed and torged 7.3). 5n5..-. 5 fe a0) 14 45 
Thirty-six hours after magnetization : 
Bar notiannealed® i. 262 fs foes). oe ee 1 45 5 0 
y vatamealed sess oun hens cae Moat eee ee a 3 30 9 30 
5; -aunealed and torved-s:-22..2. 7: 6 0 14 0 
Seventy-two hours after magnetization : 
Pe Gar notsannealed pt hee coe ee ib Sie 4 45 
MC: TA OTe ys ele eam eg ROO On aan ETC SABES 3 5 D2 
a panmedled amd mOrced asees eerie ae 5 30 13 30 
,, annealed, magnetized, and again an- 
med led «ls Bee nlc ae a ea OD 1°45 
Bar annealed, magnetized, and after- 
WATOS LOTCCUO: hone ec Ger 0 25 So 30 


Comptes Rendus de [Académie des Sciences, 12th Sept. 1881, 
t. xcill. pp. 461, 462. 


THE 


LONDON, EDINBURGH, ann DUBLIN 


PHILOSOPHICAL MAGAZINE 


AND 


JOURNAL OF SCIENCE. 


[FIFTH SERIES.] 
NOVEMBER 18381. 


XLI. Experimental Investigations on Magnetic Rotatory Pola- 
rization in Gases. By M. Henri BECQUEREL”*. 


[Plates VII. & VIII.] 
INTRODUCTION. 


1 la TIL within the last few years all attempts to demon- 

strate the electromagnetic rotation of the plane of pola- 
rization of light in passing through gaseous media have been 
futile, and the phenomenon discovered by Faraday in solid 
and in liquid bodies seemed in gases to escape all measure- 
ment. The analogy presented in the case of dilute solutions 
of certain substances had led to the supposition that the mag- 
netic rotatory power of the same body remained nearly pro- 
portional to its density at the moment of its passage from the 
liquid to the gaseous state. Hxperiment has shown that this 
is not the case; and even whilst operating under conditions 
of magnetic intensity apparently sufficiently powerful, several 
experimentalists have been unable to observe any appreciable 
rotation of the plane of polarization in light. 

My investigations, pursued now for several years, on mag- 
netic rotatory polarization, have led to various conclusions 
with regard to gases, which it was of great interest to verify, 
and which enabled me to foresee the character of the rotations 
to be observed, and the existence of a remarkable relation 
between the index of refraction of bodies and their magnetic 
rotatory power. Based upon these considerations, an appa- 


* From the Annales de Physique et Chimie, [5] xxi. p. 289. 
Phil. Mag. 8. 5. Vol. 12. No. 76. Nov. 1881. 2B 
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ratus was constructed sufficiently powerful to demonstrate the 
feeble rotations which the hypothetical calculations had led 
me to expect. 

The results of the preliminary observations were published 
at the end of March 1879. The numbers obtained at that 
time were the first that had been given on the measurement 
of these phenomena, or which had established the relative 
magnitude of the magnetic rotatory powers in liquid and solid 
bodies and those in a gaseous condition. 

Since that time, Bichat and Kundt and Roéntgen have pub- 

lished various communications relative to the magnetic rota- 
tory power of certain bodies in a gaseous state. 
_ About the same time Lippich obtained a magnetic rotation 
of several seconds of arc with a column of 0°50 metre of air 
subjected to a strong magnetic action. Bichat more particu- 
larly confined himself to the determination of the relation 
between the magnetic rotatory power of carbon disulphide at 
various temperatures in the liquid and gaseous condition. 
His results agree with my own. 

Kundt and Réntgen have studied the magnetic rotatory 
power of certain gases from a point of view quite different 
from mine. ‘They compressed the gases to 250 atmospheres, 
while I more particularly studied them under the ordinary 
temperature and pressure. The German authors have obtained 
under considerable pressure magnetic rotations of several 
degrees; but the imperfection of their apparatus did not allow 
them to take advantage of the extent of the rotations in order 
to obtain very accurate measurements. They limited them- 
selves to publishing numbers relative to five gases—hydrogen, 
oxygen, air, oxide of carbon, and marsh-gas; and they were 
unable to discover any relation between the index of refraction 
of the gases and the observed rotations. 

In the present memoir I attempt to show that the existence 
of a relation between the index of refraction of bodies and 
their magnetic rotatory power in a solid, liquid, and gaseous 
state cannot be called in question. I would further record 
the fact that I have demonstrated the existence of a perturba- 
tion in the phenomena of atmospheric polarization, due, appa- 
rently, to a slight rotation of the plane of polarization of the 
luminous rays passing through the atmosphere, under the in- 
fluence of terrestrial magnetism. 


MeEtTHOD OF EXPERIMENT. 


The study of the magnetic rotatory power of gases implies 
an accurate knowledge of their temperature and pressure at 
the moment of the experiment. The same volume of the dif- 
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ferent gases has been invariably taken. My wish to operate 
at the ordinary temperature and pressure very greatly com- 
plicated the apparatus, which would have been extremely 
simple if the experiment had been made only under very strong 
pressure; and I have been obliged to have recourse, therefore, 
to means of amplification which I shall describe more closely 
hereafter. The apparatus employed is composed of two 
distinct parts :—first, the electromagnetic apparatus ; and, 
secondly, the optical system, the arrangement of which is of 
the most delicate character. 


1. Electromagnetic Apparatus. 


The apparatus is composed of a copper tube, 0°122 metre in 
external diameter and 3°27 metres long, closed by parallel mir- 
rors, and around which are six large electromagnetic bobbins. 
The whole of this arrangement is mounted horizontally on a 
wooden bench formed of a large beam 3:82 metreslong. This 
serves also to sustain the optical system (see Plate VIII. fig. 1). 
The tube is held by special supports in the middle of the bob- 
bins so as not to touch them. Lach of these is 0°48 metre 
long, 0°13 metre internal diameter, and contains 15 kilogr. 
of copper wire 0:03 millim. in diameter, thoroughly insulated 
and rolled upon a copper tube which forms the body of the 
bobbin. The total weight of the copper wire employed was 
about 90 kilogr., which corresponds to 1380 metres in length 
for the six bobbins. 

They are associated in series, so as to form a single solenoid 
round the tube which contains the gas. 

Into these bobbins was passed the electric current produced 
by 80 elements (nitric acid) of large size. The battery was 
formed of two groups of 40 elements arranged in series, which 
were united together in multiple are. 

Under the influence of an electric current so intense, the 
conductors and the tube itself soon become considerably 
heated, and the temperature rises to 30° or 40° C. It is ne- 
cessary, on the one hand, to allow for this elevated tempera- 
ture, and, on the other, to guard against the variations in 
intensity of the electric current. These variations are slow 
and regular, and are due to the progressive weakening of the 
acids of the couples, and to the heating of the conductors by 
the passage of the electric current. In order to allow for 
them, it is sufficient to measure at convenient intervals of 
time the intensity of the electric current and to trace the 
curve of the intensities. For this purpose there was arranged, 
in connexion wth the circuit, a sine-compass, which measured 
at every moment the intensity of the current in the apparatus, 
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and which thus allowed the observed results to be reduced to 
what they would have been if the electromagnetic intensity 
had been perfectly constant. A mercurial commutator con- 
veniently placed within reach of the observer, allowed the 
direction of the electric current in the bobbins to be reversed 
at pleasure, and the bodies studied to be subjected to inverse 
electromagnetic action. 

The tube which contains the gases was originally 3 metres 
long. It was constructed to maintain a vacuum and to sup- 
port the pressure of several atmospheres ; for this purpose it 
was terminated by very thick pieces of copper, which were 
screened and soldered, and in which was drilled a rectangular 
opening of 0°10 metre by 0:04 metre. 

These pieces presented a plane surface perpendicular to the 
axis of the tube, and on which were fixed by means of screws 
flat glasses enclosed in a frame of copper. The tube was pro- 
vided with taps and a manometer; and the whole was so 
arranged as to slip inside the bobbins. 

Various inconveniences, and amongst others a slight acci- 
dent, which caused the simultaneous rupture of the two glasses, 
led to the following modification of the apparatus. 

On the two plane surfaces which form the end of the 5-metre 
tube (Pl. VII. fig. 1) are screwed and cemented cylindrical cop- 
per tips 0°135 metre long, furnished at their ends internally with 
a thread forascrew. The tube can be closed by two large copper 
stoppers, which are screwed into the pieces just described, and 
in which are cemented two flat glasses of about 0-005 metre 
thickness, leaving for the light a rectangular opening of 0°09 
metre by 0°06 metre. Washers of greased leather enable the 
tube to be hermetically closed. On each side of these pieces 
are arranged taps, which answer the purpose of either intro- 
ducing the gas or putting the tube into communication with 
a manometer. Before entering the apparatus, the gases are 
passed through tubes containing substances necessary to 
purify and dry them. 

The tube extends beyond the bobbins by about 0°135 metre 
on each side, so that the glasses are subjected to only a very 
feeble magnetic influence: we shall see afterwards how this 
influence must be taken into account. 

The distance between the internal surfaces of the glasses is 
3°27 metres ; the volume occupied by the gas submitted to the 
experiment is about 37 litres. When the tube was hermeti- 
cally closed it acted as a gas-thermometer, and the indication 
of the internal pressure allowed the average temperature of 
the gaseous mass to be deduced from it. The axis of the tube 
made an angle of about 52° with the magnetic meridian. The 
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arrangement of the apparatus is shown in the accompanying 


figure (Plate VIII. fig. 1). 


2. Optical Apparatus. 


Under the conditions of magnetic intensity just described, 
the rotation of the plane of polarization of a luminous ray 
passing through the tube filled with gas is very feeble. With 
the various gases studied, the double rotation obtained by 
reversing the direction of the electric current in the bobbins 
did not exceed an angle of 5’. On this account it became 
necessary to amplify the phenomenon. Two methods might 
be employed. The first, contrived by Faraday, consists of 
passing several times through the substance to be studied 
luminous polarized rays which are reflected from two mirrors 
conveniently placed. It is well known that, under these con- 
ditions, the magnetic rotation is proportional to the distance 
traversed through the substance influenced, contrary to what 
would be observed in a body endowed with a natural mole- 
cular rotatory power. This method is the one exclusively 
adopted by me in the experiments about to be described. 

The second method is a general method of amplification of 
the displacements of the plane of polarization of a luminous 
ray, and was proposed and applied by M. Fizeau. It consists 
in passing the polarized luminous ray through a pile of glasses 
conveniently diverged. I have tried to apply this method; 
and I shall state hereafter why, in the present instance, I have 
preferred to use the former. 


Description of the Optical System. 


The apparatus was specially constructed with a view to ap- 
plying Faraday’s method of amplification. 

Source of Light.—The source of light was incandescent 
lime produced by an oxyhydrogen flame, and seen either 
directly or through different-coloured screens. I employed as 
screens coloured glasses—red, yellow, and copper-green—and 
also a liquid screen containing ammoniacal nitrate of copper, 
which chiefly permitted light-blue rays to pass. We shall see 
later how it was possible to estimate the length of the average 
wave of luminous rays which in each case reached the eye of 
the observer. 

The luminous point L (see Pl. VIII. fig. 2) was placed at about 
0°487 metre in front of the extremity of the tube—that is to 
say, at 0'627 metre from the face of the last bobbin—at the 
focus of a collimating-lens C, having a focus of 0°14 metre, 
which transmitted through a polariscope P parallel rays. The 
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coloured screens were always placed in front of the collimating- 
lens. 

Polariscope-—The polariscope was formed by a very fine 
Nicol’s prism, 45:5 millim. in thickness by 45 millim. in 
width. The prism was cut in half lengthwise, and the two 
halves brought together so that their principal planes made an 
angle of about 5°. The field of this prism was a circle of 
about 0:022 metre in diameter. Such a large opening was 
considered to be necessary—first of all to allow a sufficient 
quantity of light to pass through, and secondly that the 
images should retain, after the successive reflections, an ap- 
parent diameter suitable for observation. 

The polariscope, the collimator, and the source of ight were 
firmly mounted on the same piece of copper, which was capable 
of receiving a horizontal movement, and which could also turn 
through a slight angle round a vertical axis, so as to cause the 
axis of the optical system to assume a slight inclination to the 
axis of the tube (Pl. VII. fig. 2). 

Mirrors.—Suppose, for the sake of simplifying the descrip- 
tion, that the glasses G, G, which close the tube had been 
removed (see Pl. VIII. fig.2). The luminous rays, rendered 
parallel by the collimator, after having passed through the 
‘polariscope, graze the edge of a vertical mirror M,, pass through 
the tube, and encounter at the other extremity a vertical mir- 
ror M, from which they are reflected ; they then fall upon the 
mirror M,, and in this way are reflected successively on the 
two mirrors until the last ray reflected grazes the edge of the 
mirror M. The number of the successive reflections depends 
on the mutual inclination of the mirrors and the direction of 
the incident ray. We have seen how it is possible to deter- 
mine the latter. As to the mirrors, they are mounted in cop- 
per frames, which are fixed by three spring screws to vertical 
wooden supports firmly fastened to the wooden block which 
sustains the apparatus. By means of the three screws the 
mirrors can be moved in any required direction (Plate VII. 
figs. 2 & 4). 

If the light were polarized only ina vertical plane, the plane 
of the successive reflections being horizontal, it would follow 
that the plane of polarization of the reflected images would 
remain absolutely vertical. 

With this apparatus the light of each half of the image is 
polarized in two planes equally inclined to the vertical (that 
is to say, to the plane of the reflections) ; each half will thus 
experience at each reflection an equal slight rotation, and the 
bisecting plane of the planes of polarization should remain 
about the same for all the images. Consequently, the posi- 
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tion of the analyzer which corresponds to equality of tint 
should remain nearly the same for all the images. This con- 
clusion is verified by experiment ; besides, it is easy to see 
that, the reflections on the mirrors being nearly normal, the 
displacement of the planes of polarization must be inappre- 
ciable. The mirrors are made of St.-Gobain glass wrought 
with the greatest care and silvered on the surface. As it is 
necessary that they should be absolutely plane in order to 
avoid any deformation of the images, we have employed rather 
large surfaces of glass, of which we have used only the central 
part. The mirrors are rectangular, and are about 0°16 metre 
long by 0°06 metre wide and 7°9 millim. thick ; they are only 
silvered on 0:08 metre-of the middle portion (Pl. VII. fig. 3), so 
that the luminous rays, on coming out of the polariscope and 
before being received on the analyzer, pass once through the 
thickness of the glass of the mirrors M, and M. There is thus 
introduced into the magnetic rotations to be measured a slight 
correction due to the influence of magnetism on this mass of 
glass. The mirrors are placed at 0:195 metre from the bob- 
bins. Itis easy to see that under these conditions the correction 
which corresponds to the passage of the luminous ray through 
the substance of the mirrors is very slight. It would have 
been possible to silver the mirrors to the ends and cause the 
luminous rays to pass over their edges without passing through 
the glass ; but I have preferred to allow this slight correction, 
which was easily estimated, to remain, in order to profit by 
the greater perfection of the workmanship and silvering of the 
central portion. 

Analyzer.—The luminous rays, after their successive reflec- 
tions, are received on an analyzer formed of a Foucault’s prism 
set on a graduated circle, the vernier of which reads to a minute. 
The diaphragm of this prism is 0°017 metre. Behind the 
analyzer is a microscope of a rather strong magnifying-power 
(about 19 diameters), and which is independent of the move- 
ment of the analyzer on the graduated circle, so as not to in- 
crease the mass to be carried round in taking the measurements, 
and to leave to the analyzer all the freedom of movement pos- 
sible (Pl. VII. fig. 4). This precaution is far from being use- 
less in ensuring accuracy of observation. The analyzer and 
microscope, however, are associated in the other movements, 
forming a system which can be displaced laterally and inclined 
at a slight angle by turning ona vertical axis, so as to bring to 
the centre of the microscope the reflected image to be studied, 
and to cause the optical axis of the system to coincide with 
the more or less oblique direction of the reflected ray. 

The various parts of this apparatus can be regulated with 
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great nicety ; and we thus see that the two mirrors present a 
series of images which are reflected without any deformation. 
Including the direct image from the polariscope, they corre- 
spond to columns of air represented by one, three, five, seven, 
nine times the distance of the mirrors. A tolerably large 
number of reflected images can be obtained ; but, in order to 
preserve a sufficient luminous intensity, distinctness, and an 
apparent diameter of the image suitable for the polariscope, 
I have been obliged to stop at the fourth reflected image, 
which corresponds to nine passages of the luminous ray 
through the bobbins. . With the magnifying-power just 
indicated, this fourth image is as clear as the direct image of 
ordinary polarimeters or saccharimeters. 

Suppose, now, that the electric current is caused to pass in 
one direction: one of the images, the fourth for instance, 
must be reduced to uniformity of tint, as in ordinary polari- 
meters ; then, if the electric current is reversed, one half of this 
image will be seen darker than the other. If the analyzer is 
then turned so as again to obtain uniformity of tint in the 
two halves of the image, the angle by which it has been 
turned will measure twice the magnetic rotation sought. 

The method supposes, in theory, that the light studied is 
monochromatic ; but in the experiment itself, as the rotations 
are very small, it is not necessary that the incident rays should 
have the same wave-length. However, we shall return later 
to this important question. 

Under the most favourable conditions the rotations could 
be measured to nearly 30”. 

Glasses which close the Tube.—In the experiments that we 
have just described the luminous rays only pass through air, 
and the rotation obtained represents, with the exception of a 
slight correction, the magnetic rotation of that gas. When 
the experiment is tried with other gases, it becomes necessary 
to close the tube by glasses, as we have above indicated. 

The luminous rays pass through the glasses G, G, as many 
times as through the tube itself; and as at each passage the 
latter presents four surfaces, it is clear that the luminous rays 
corresponding to the fourth reflected image will have traversed 
thirty-six surfaces of glass. If to them are added the four 
surfaces of the mirrors, it will make forty surfaces of glass 
during the passage of the light. From this it is seen what 
must be the perfection of the workmanship of these surfaces 
in order that the images should not experience any appreciable 
distortion. In addition to this, if it happened that the glasses 
were even very slightly unannealed, the depolarization of the 
light, which would have been almost imperceptible during a 
single passage, would become considerable. 
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The glasses first used were very good; but an accident 
having caused their simultaneous breakage, I had much 
difficulty in replacing them, and was obliged to try several 
pairs before obtaining those that I have employed throughout 
the work, and which are at least as good as the first ones. 
These glasses are of St.-Gobain glass, about 0-005 metre in 
thickness, and are finished with the greatest care, so that they 
do not distort the images in the least degree, at any rate up to 
the fifth passage. Even after nine passages they do not 
depolarize the light to an appreciable extent, and the images 
can still be reduced to equality of tint with remarkable pre- 
cision. 

When the apparatus is not perfectly regulated, it is found 
that the positions of the equality of tint of the various images 
are no longer exactly the same as they ought to be. ‘This 
arises from the fact that the rays which reach the eye for each 
image pass through the polariscope and the analyzer more or 
less obliquely. This inconvenience would be obviated by ad- 
justment ; but as the angle of the two deviations obtained by 
reversing the direction of the electric current is always 
measured, the absolute direction of the plane of polarization — 
of the incident ray does not enter into the determinations. It 
is equally easy to prove that the luminous rays which pass 
through the glasses almost normally cannot undergo any ap- 
preciable amplification or diminution in their magnetic ro- 
tation in consequence of the phenomena of refraction of the 
polarized light. 

However, it was proved by a special experiment that a slight 
rotation of the plane of polarization of the luminous rays 
experienced by them on issuing from the polariscope was still 
the same at the fourth image reflected ; so that the passage 
through the glasses and the successive reflections did not, 
with the exception of the magnetic effect, introduce any appre- 
ciable correction into the measurements. The only important 
correction occasioned by the glasses has relation to the mag- 
netic rotation which they cause the plane of polarization of 
the light to undergo. This correction was studied with the 
greatest care, and it will be treated of hereafter. 

It would have been preferable to avoid this difficulty by 
placing the glasses further away from the bobbins ; but this 
arrangement would have tended to make the size of the ap- 
paratus too large. It would also have been possible to use 
only the four centre bobbins ; but the diminution of the 
distance traversed by the light under magnetic influence was 
not compensated for by the increased intensity of the current 
of the pile circulating in a solenoid of less resistance. 
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I preferred to utilize all the bobbins I possessed, and to as- 
certain the correction of the glasses by special experiment, sub- 
mitting them to a known magnetic action of considerable power, 
and then reducing the results observed to what they would be 
under the conditions of the measurements with the gases. 

The presence of the glasses in the tube in the course of the 
luminous rays gives rise to another inconvenience which com- 
plicates the regulation of the system. Hach surface acts as a 
mirror, and a large number of reflected images appear in the 
field of vision. Elowever , they cannot be confounded with the 
images reflected in the mirrors, because of their faint lustre ; 
and they are nearly obliterated when the analyzer is turned so 
as to obtain equality of tint. 

Nevertheless it sometimes happens that these accidental 
images encroach on the images to be studied ; and as the parts 
which are superposed have not the same plane of polarization, 
the optical measurements become very difficult, and sometimes 
impossible. It is then necessary, by manipulation, either to 
displace the mirrors a little, or to wedge the tube in a slightly 
different position, so that the accidental images do not interfere 
with the measurements to be effected ; usually the accidental 
images are situated a little above or a little below the images 
reflected by the mirrors. 

When the apparatus was regulated, it was left as long as 
possible in the same position. At the end of each day of ex- 
periments the mirrors, which would be affected by the air, were 
simply removed, and then replaced in exactly the same position 
when a fresh series of observations was begun. 

The gases were introduced into the tube without altering its 
position, by simple displacement under the influence of a slight 
pressure. The greatest care was taken to avoid any pressure 
which would either distort the glasses or cause them to exhibit 
the phenomena of chromatic polarization. 

Almost the whole series of experiments below recorded 
were made without displacing either the tube or the glasses 
from their position, which remained the same for several 
months. 

The difficulties of construction presented by the very delicate 
regulation of all the instruments, as well as by the workman- 
ship of the surfaces of the glasses and mirrors, have been sur- 
mounted with rare skill by M. T. Duboscq, who made the 
apparatus. 

On the Employment of Piles of Amplifying-glasses.—In order 
to augment still further the magnetic rotations observed, the 
polarized rays might be received on one or more piles of 
glasses placed in front of the analyzer. 
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It is known that, if the pile is suitably placed, a slight rota- 
tion of the incident plane of polarization can be considerably 
amplified. . 

I had two piles of glasses made, constructed exactly according 
to the directions given by M. Fizeau *; but I did not find, in 
the present case, that the use of them gave us all the results 
that we had a right to expect. 

In the first place, it is clear that, if a polariscope of the kind 
described is employed, it is necessary to have a prism the two 
planes of which only make a very slight angle ; for this angle 
is itself increased by passing through the piles of glasses, and 
it may happen, as in the case of the polariscope described 
above, that all sensitiveness disappears. In fact, the piles of 
glasses gave an amplification of nine times a slight rotation 
of the incident plane of polarization ; and the principal planes 
of the two halves of the image from the polariscope were con- 
siderably thrown out. I attempted to make use of a large 
Nicol’s prism furnished with a half-wave-length plate, so as to 
form a polariscope of variable sensitiveness ; but this appa- 
ratus necessitates the employment of a monochromatic source of 
light, and did not give good results. Hven with monochromatic 
light the two halves of the image are not in the same physical 
conditions ; the one is polarized elliptically, and the other recti- 
linearly. Tor such delicate measurements as those here spoken 
of, | very much prefer the Nicol cut in half. If a suitable 
polariscope had been sufficient, I could have introduced this 
arrangement with the same precision as the method of ampli- 
fication by the mirrors. But the use of piles of glasses has, in 
the present case, a much more serious objection. I had 
intended to use them concurrently with the mirrors, so as to 
obtain rotations of several degrees ; but unfortunately the 
slightest variation in the angle made by the incident rays with 
the normal of the piles of glasses changes the amplification 
considerably, so that it is not the same for the different images. 
It would then be necessary, after each measurement, to deter- 
mine experimentally the amplification due to the piles of 
glasses, which would greatly complicate the observations. 
Besides, this amplification is not the same for rays of different 
colours ; it is thus necessary to make use of a source of light 
almost perfectly monochromatic and, if the rotations of rays 
having different wave-lengths are studied, to measure experi- 
mentally in each case the amplification which corresponds to 
them. It will hereafter be seen what difficulties arose from 
the want of homogeneity in the source of light we were obliged 


* Annales de Chimie et de Physique, vil. p. 155 (1859). 
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to employ. The corrections due to this class of phenomena | 
with the piles of glasses were thus very complex. — 

This multiplicity of experimental measures and the un- 
certainty as to the real degree of amplification in each case, 
take away all the advantage of the large rotations which may 
be obtained, and do not permit a greater relative approximation. 
Therefore, in order not to multiply to excess the very delicate 
precautions with which the measurements were already sur- 
rounded, I relinquished the idea of making use of piles of 
glasses. 


On the Distribution of Magnetic Intensities in the Apparatus.— 
Magnetic Rotation of a Column of liquid Carbon Bisulphide. 


It is well known that the magnetic rotations of the plane of 
polarization of light are proportional to the magnetic intensity; 
the numbers given below will have real significance only 
when the corresponding magnetic intensity is accurately 
determined. 

This can be estimated in absolute measure ; but the deter- 
mination offers many difficulties; and it is much simpler and 
more accurate to measure the magnetic rotation of a well- 
defined body under the same conditions of magnetic intensity 
as those used for the experiments, and to compare the numbers 
obtained with the magnetic rotation of this body taken as 
unity. 

rf my previous researches on magnetic rotatory polarization 
I had already taken as unity the rotation of the plane of 
polarization of the yellow rays of the flame of sodium tra- 
versing a column of liquid carbon bisulphide at a temperature 
of 0°, with a thickness equal to that of the body studied, and 
subjected to the same magnetic intensity. In the present 
experiments I have kept to the same unit. 

It thus became necessary to measure the magnetic rotation 
obtained with the yellow light of sodium passing through 
a column of carbon bisulphide equal to the length of the 
distance traversed by the luminous rays in the apparatus above 
described. Now, at different points of the line traversed by 
the luminous rays the magnetic intensity is not the same: in 
the inside of the large solenoid formed by the six electro- 
magnetic bobbins it is nearly constant; but it decreases very 
rapidly outside these bobbins, and is no longer appreciable at 
about 0:20 metre from their extremities. 

This exterior action is very weak compared with the mag- 
netic influence of the interior of the solenoid ; nevertheless, on 
account of the very peculiar conditions of the experiments, it 
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was important to note carefully the variation in intensity with 
the distance, and the precise value of this intensity at different 
oints. 

‘ In fact, I found that it was necessary to interpose in the 
course of the luminous rays plates of glass about 0-005 
metre in thickness. Now, these glasses have a magnetic 
rotatory power which, for the yellow light, is three thousand 
times that of air. It is, then, conceivable that, in spite of the 
feeble magnetic intensity to which they are subjected, these 
plates may lead to corrections which it is necessary to ascer- 
tain as accurately as possible. 

In order to effect these various determinations, I caused a 
copper tube 0:50 metre long to be constructed, and placed it 
in the centre of the different bobbins. The exact position of 
one of the extremities of the tube was fixed by a small reading- - 
microscope; the tube was then slipped along so as to bring 
the other end into precisely the same place as that occupied by 
the first. The magnetic rotation of the column of carbon- 
bisulphide was ascertained in each position; and the sum of the 
rotations obtained was equal to the rotation of a single column 
having the same length as the solenoid. 

The magnetic rotation was measured by the yellow light of 
soda. 

I have stated above that the magnetic intensity varied in a 
continuous manner, in consequence of the variations in the 
intensity of the electric current. In all the measurements I 
have reduced the results to what they would have been if the 
current had been constant and given in the sine-compass a 
deviation of 24°. 

The continual elevation of the temperature in the interior 
of the bobbins during the passage of the very intense electric 
current employed, introduces a most important correction 
into the measurements. ‘This elevation of the temperature 
decreases the magnetic rotatory power of the carbon bisulphide, 
first by reducing its density, secondly by a direct effect inde- 
pendent of dilatation. ‘This question has been studied with 
various liquids by M. de la Rive, and with carbon bisulphide 
by M. Bichat, who, to express the rotation of this body at 
various temperatures, has given the formula 


1—0:00104 ¢—0:000014 2”. 


If dilatation alone intervened, it would give 


1 
1+ 0°0011898¢ + 0000001370 ¢ 


Up to about 12° the two expressions do not differ by a unit 
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in the third decimal place; beyond that the difference is 
marked. I have assumed that the first formula expresses 
tolerably approximately the progress of the phenomenon; and 
I have reduced the rotations observed to what they would be 
at a temperature of 0°. The numbers obtained differ by only a 
few minutes of arc from those which would result from the ap- 
plication of the formula of dilatation of the carbon bisulphide. 

The following table contains the numbers obtained for the 
rotation of carbon bisulphide in the interior of the different 
bobbins. The multiplicity of the measurements in each case 
enables us, as an average, to count upon an accuracy of some 
tenths of a minute; the hundredths of a minute, resulting from 
the calculation of the averages, have been recorded. 


Magnetic Rotations of Carbon Bisulphide (yellow light D). 
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ee a duced to the | pas gl ee 
perarurene temperature | ees ee 
| each series. of 0° the 0°50-metre 
| ; tube. 
igh BEN pena s-0 716-21 1:88 | 
ACG Weg sl anon ay eZ 74639 Il 
SEG? phos ween. 20°6 77004 2°60 | 
Amare a) 226 | 67°83 2:60 
Eliade She0E, SASS" 23°5 T4797 2°51 
Geer ASR thant 23'6 702-41 1:88 
ANG) 7) Sc ern bal Ae 4450°85 13°98 


The glasses which close the tube of 0°50 metre are of crown 
glass, and are about 1°5 millim. thick. The magnetic rotation 
which they cause the plane of polarization of the light to 
undergo is very feeble. It was ascertained directly, the tube 
being empty of liquid; and the rotations are recorded in the 
last column of the preceding table. ‘The sum of these correc- 
tions is 13°98, and it must be subtracted from the total 
amount of the rotations observed. 

It is equally important to subtract from each measurement 
the rotation due to magnetic influence on the column of air 
traversed by the luminous rays. In accordance with what 
will hereafter be shown, this rotation at 20° and at a pressure 
of 760 millim. amounts to about 058, say 3°48 to be sub- 
tracted from the sum of the rotations. 

Placing the 0°50-metre tube on the outside of the first bob- 
bin under the same magnetic conditions and at a temperature 


323 


of 14°, a rotation was obtained which, corrected by that of the 
air, was found to be 4241; this at 0° would give 43/17, 
Ii is, however, useless to attempt to estimate the magnetic 
intensities at a greater distance from the bobbins; for a 
column of 0°25 metre, on issuing from the first bobbin, gives, 
at a temperature of 15°, 406 (say 4137 at 0°), a rotation 
which is nearly equal to that of the 0°50-metre tube. 

Finally, the variation in intensity with the distance was 
studied by observing the rotation of a heavy piece of flint glass, 
in our previous researches designated as glass No. 1 (Feil). 
This piece was 50°028 millim. long. It was placed endwise in 
three positions: the first was such that one of the faces coin- 
cided with the exterior surface of the bobbin. The following 
numbers, corrected for the rotation of the air, were thus ob- 
tained :— 


on Magnetic Rotatory Polarization in Gases. 


Distance of one of 
the faces of the 


Magnetic rotations. 
— 


_——_ 
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In the third column, the rotations of an equal thickness of 
earbon disulphide have been calculated. The numbers thus 
obtained give facilities for verification, since their sum ought 
to represent the rotation of a column of 0°15 metre of carbon 
bisulphide. Now, experiment has given 39/ for the rotation of 
0-15 metre of carbon bisulphide under these conditions; and 
the preceding amount is 89"2. This verification is as satis- 
factory asit can be. By means of these data it has been pos- 
sible to construct a curve which gives with great accuracy the 
rotation of a definite thickness of carbon bisulphide at any dis- 
tance from the bobbin. We have used this curve, as will 
be shown, for the determination of various corrections which 
might affect the direct measurements. 

In short, it is clear that, supposing a luminous ray traverses 
a column of infinite length of carbon bisulphide submitted to 
the action of the six electromagnetic bobbins previously de- 
scribed, it will be enough, in order to take into account the 
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exterior action of this solenoid, to add to the rotations obtained 
above 43°17 x 2= 86/34. 

In making all the corrections just indicated, it may be said 
that, for luminous rays traversing a column of carbon bisul- 
phide contained between the polariscope and the analyzer, and 
submitted to the electromagnetic action previously defined, 
corresponding to 24° of deviation in the sine-compass, the 
plane of polarization of the yellow rays D would undergo by 
the reversal of the electric current a rotation of 4520’ = 
75° 20'. 

This number appears exact to about 10’; for the different 
rotations measured are exact to nearly 1’; and the only uncer- 
tainty that could give rise to an error of a few minutes is the 
error which might have been made regarding the successive 
positions of the tube in its displacement inside the bobbins. 

When the numbers obtained for the gases are compared 
with this last number, the error on the rotation of the carbon 
bisulphide does not amount to 0:002. This precision is greater 
than that which I have been able to realize in the measure- 
ments relative to the gases. 


[To be continued ]. 


XLII. On some Capillo-electric effects, and a Theory of 
Contact-Potential. By 8. Lavineton Hart, B.A., D.Sce., . 
Scholar of St. John’s College, Cambridge*. 


AVING occasion, during the course of some experi- 
ments on contact-potential described further on, to use 
an electrometer, one electrode of which (A) was in connexion 
with an iron wire dipping in mer- Fig. 1. 
cury contained in a funnel (C), 
to the neck of which was adapted 
a fine glass nozzle, while the other 
electrode (B) was put to an iron 
cylinder (D) around the falling 
mercury drops, I observed that 
there was a deflection of the 
needle showing A to be positive 
to B by an amount equal to about 
°6 D (D being the electromotive 
force of asawdust Daniell). This 
deflection remained the same if 
the electrode B was put to earth 


* Communicated by the Author, having been read (in Abstract) before 
Section A of the British Association (September 1881). 
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by an iron wire, or if this was dipped in the mercury collected 
in the cup EH. 

In this latter case there were attached to both electrodes 
iron wires dipping in mercury, exposed to the air, and in 
almost identical conditions—the only difference being in the 
capillary relations of the mercury contained in the cup and 
of that in the funnel and neck. 

The question arose, Js the formation of drops at the end of a 
very fine tube accompanied by electrical phenomena such as to 
cause a positive charge to be gradually accumulated in the mer- 
cury-reservoir ? 

The effect observed was not due to the electrification pro- 
duced by friction against the glass; for this effect is of much 
smaller dimensions, and the mercury would be negatively 
charged. 

The case of these falling drops is in many respects analo- 
gous to that of mercury advancing in a capillary tube. I 
tested therefore the behaviour, in such a tube, of a column of 
mercury broken by an air-bubble, by connecting the cups in 
which dipped the ends of the tube to the two electrodes of an 
electrometer, then suddenly raising one cup. 

I found that the advancing column was always positive to 
the retreating mercury; and by multiplying the effect by in- 
serting many air-bubbles a deflection was obtained, when the 
rate of flow was sufficient, corresponding to 7 D. (The fric- 
tional charge, as shown by a low-resistance galvanometer and 
an undivided column of mercury, was extremely slight.) In 
such an apparatus the retreating end is oxidized, the coating 
of oxide appearing after prolonged action, while the advancing 
end is reduced and acquires a positive charge. 

Similarly, the advancing drop in the apparatus first described 
beomes positively charged, so long as any reduction takes place. 
This depends on previous exposure to the air and other cir- 
cumstances which favour oxidation, but also on an action 
which takes place more or less continuously in the following 
way :—The end of the thread, after the drop has detached itself, 
_ suffers a momentary retraction; and this therefore causes a 
slight oxidation of the surface, which, however, is not of suffi- 
cient duration to lower the potential of the mass of mercury 
in the column to any extent; for, the forward motion at once 
setting in, the oxide locally deposited is reduced, this reduc- 
tion being equivalent to a positive charging ; and, since the 
drop takes time to form, the positive charge is communicated 
to the column, which thus becomes more and more charged 
by each forward motion of the column, so long as oxidation 
can occur immediately after each drop has fallen. 


Phil. Mag. S. 5. Vol. 12. No. 76. Nov. 1881. 2C 
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The positive potential obtained must then depend on the 
degree of oxidation possible—that is, on the rate of fall in 
some way or other, and upon the medium around the drops, 
as well as the degree of insulation obtained, &. This was 
found to be the case—so much so that, by increasing the oxi- 
dation of the drops by fanning or breathing, a much greater 
deflection (*8 D) was obtained, while by substituting coal-gas 
for the air around the drops the defiection could be reduced 
to zero. 

It thus appears that, in air, a convex advancing thread of 
mercury is reduced, this being accompanied by a positive 
charging of the mercury column, the reverse taking place in 
the retreating end. 

This behaviour is precisely similar to that observed in capil- 
lary electrometers; and the tube with the divided column of 
mercury bears a strong resemblance to the electrometer of the 
Scott-Dewar form. Thus another point of analogy can be 
traced between the action of liquid and that of ‘‘ gaseous elec- 
trolytes’’ on the metals placed in them ; and it is to attempt 
to refer these two sets of phenomena to the same cause, and to 
discover, if possible, the same laws which govern them, that 
this paper has been written. 


The influence of the atmosphere upon the difference of po- 
tential supposed to be set up between metals has been recog- 
nized. ‘Thus, Professors Ayrton and Perry remark that only 
in a vacuum could the true contact-potential be determined. 
Further, this influence has been clearly shown to exist, and to 
bear not only on the quantitative measurements, but also upon 
the actual order of the series, as was proved by Brown (Phil. 
Mag. August 1878) in the case of an iron-copper couple placed 
in air and also in hydrogen-sulphide gas: a “ gaseous electro- 
lytic cell”’ is thus formed; and its behaviour is similar to that 
of a “liquid cell,”’ the electrolyte being water in the one case 
and hydrogen-sulphide solution in the other. 

The analogy is sufficiently striking to invite one to seek for 
some one general law which may lead more or less satisfac- 
torily to the one cause of these electrical phenomena; but the 
real justification of such a step will depend on the measure in 
which it enables one to explain already known cases and also 
to predict others. 

The ordinary way in which a body. acquires a certain poten- 
tial is by receiving an electric charge. Have we not sufficient ~ 
ground to refer the potential-differences of metals and electro- 
lytes in question to the charges accompanying the electrolytic © 
ions as these go to one or other of the metals, and thus to lay 
down the following rule ?— 
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ositive . : 
That metal to which the electro- : eoative 10% goes, recei- 
sp g 
ving an electro- iOS charge, acquires thereby an. elec- 
negative 


{ positive 
\ negative 

Thus, when iron and copper are each of them placed alone 
in water, both metals are oxidized, though differently: both 
therefore are negative, though by different amounts, to the 
water; but if these metals are placed in the same water, the 
iron alone is oxidized, the copper has hydrogen deposited on 
it and becomes therefore positive to the iron, as before, but in 
addition is positive to the acid. 

We have as yet no means of estimating the actual difference 
of potential between an electrolyte and any metal; for the 
measurement of the Peltier effect on the passage of a current 
is the only way of determining this difference, and such a 
method is impracticable. Since there exists no proof of the 
contrary, I have assumed that when two metals are introduced 
into an electrolyte, the potential of the latter is intermediate 
between those of the two metals. Now, if the production of 
potential depends on the charges brought by the dissociating 
ions, this assumption must necessarily represent the actual 
case ; and it is moreover borne out in the experiments that 
follow. 

We have therefore two cases to consider, whether in liquids 
or in gases: —The metals (say iron and copper) are in the same 
electrolyte and 


tro- potential relatively to that of the electrolyte. 


(1) Insulated. In this Fic, 2 
ease the iron is negatively TPs Cu 
charged by the electro- Airor _| 
negative ion, the copper [ water. 


is coated with hydrogen 
(in the case of liquid elec- 
trolytes, and also in that zie 
of gases, if the distance 
between the metals is suf- 
ficiently small to overcome in part electrolytic diffusion), and 
thus is at a positive potential relatively to the electrolyte. 

(2) Touching one another. 
The metals are then at the Fig. 3. 
same potential; but the same 
differences of potential bé- 
tween metal and electrolyte 
must obtain, and this is only 
possible when the potential 
around the iron is higher 
than around the copper. 


Fe 


20 2 
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This difference of potential, in air, has usually been regarded 
as that existing between the two metals; but in experiments 
similar in principle to Sir William Thomson’s half-disk appa- 
ratus, it is the potential of the air or gas that has been deter- 
mined, and not that of the metal. 

In water, this difference of potential has been shown by 
Brown (Phil. Mag. Feb. 1879). 

A third, intermediate state of affairs exists, namely that in 
which the metals are connected through a considerable external 


Fig. 4. 


Air Or Cy 
Wa ee 


Fe 


resistance. Then the fall of potential is distributed according 
to the external and internal resistances. 


Two suppositions have been made ; and these require to be 
confirmed by experiment:— 

(1) Metals in contact are at the same potential, though dif- 
ferences of potential exist in the medium (electrolytic) around 
them. 

(2) Metals in the same electrolyte and in sufficient proxi- 
mity, when insulated, are at different potentials, though the 
medium may be at one intermediate potential between them. 

We have thus to prove :— 

I. The equality of potential of metals touching (say in air). 

I used the apparatus described in the first part of the paper, 
and, as mentioned, obtained a deflection depending on the rate 
of fall, the amount of oxidation, and consequently the medium 
around the drops. ‘The cause of this has been explained; but 
by substituting coal-gas for the air about the drops (and also 
the exposed surfaces, as that of the mercury in the funnel) the 
oxidation is more and more reduced, till the positive charge 
passes into a negative one. (lt is necessary, to obtain this 
effect, that the drops run slowly.) That is to say, when 
the medium is neutral and no chemical action is set up, no 
deflection at all is observed. What is the condition of affairs 
at this point ? 

The electrode B (fig. 1) is in connexion with an iron eylin- 
der, which, not being oxidized in this medium, is, according 
to the theory, at the potential of the neutral gas around it. 
The change in the medium at this juncture is such that no 
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oxidation or reduction takes place; the mercury therefore 
(according to the theory) receives neither positive nor negative 

charge, and is therefore likewise at the potential of the air. 
The only remaining possible cause of deflection being the con- 
tact of iron and mercury (to both electrodes are attached iron 
wires )—since there is no deflection observed, there is no dif- 
ference of potential between the iron and the mercury (except 
perhaps that answering to the slight Peltier effect). 

II. The influence of the presence of one metal on the poten- 
tial of the other, and the difference of potential thereby set up. 

In the case of the liquid cell, this influence has accidentally 
been proved by experiments previously performed. Thus, 
Perry and Ayrton find that the air near copper touching 
water in which is also dipped an iron bar, is at a higher 
potential than the air about the iron; for the air oxidizes both 
metals, though unequally (for the copper is out of the reach 
of the influence of the iron through air); whereas the water 
oxidizes the iron, rendering it negative to itself, and therefore 
renders the copper positive by the deposit of hydrogen which 
clings to it. The air being positive to both metals, is thus 
necessarily at a higher potential about the copper than about 
the iron. Thus, though copper would get oxidized in water 
alone (as it does in the air), the presence of iron prevents its 
oxidation in the water, whence the difference of potential 
amounting to °16 volt. 

Now this same influence ought to be felt in air, if the dis- 
tance is sufficiently small to overcome to a sensible extent elec- 
trolytic diffusion ; that is, iron, brought quite close to a less 
electro-negative metal, ought to reduce the oxidation going 
on at the surface of that metal, For this purpose the same 
apparatus was used ; and when the deflection was steady, a 
clean iron bar was put to earth and brought up to the nozzle 
and laid as close as possible to the falling drops. For each 
approach of the iron, the deflection, which, as shown, depends 
on the oxidation of the drops, was reduced ‘by thirty divisions, 
equivalent to about °15 D. Thus, through a film of air of less 
than 1 millim. thickness, this influence of one metal on the 
other can be made evident. 

I repeated this in another way; for I put the bar to the 
electrode B (fig. 1) and connected the electrode A to earth: 
the change in the deflection showed that the iron is rendered 
more negative (by about *15 D) by being brought quite close 
up to the mercury. The oxidation of the electro-negative 
element is increased by the presence of another less negative 


metal ; which proposition is the counterpart of the preceding 
one. 
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Hence, in gaseous as well as in liquid electrolytes, metals, 
unless touching, are at different potentials, dependent on this 
mutual influence as well as on the amount of chemical action 
set up by the one, more electro-negative, which becomes 
negative to the electrolyte, and still more so to the electro- 
positive metal. 

As a conclusion, these two points, I fancy, hold generally 
for gases and liquids:— 


(i) The metal to which goes the electro- peer 


negative 
becomes, by the charges brought by the dissociated atoms, 
electro-2 P Ositive relatively to the electrolyte; and 
negative 


(ii) Metallic contact entails equality of potential. 

The simplicity of these laws is evident, as also the advan- 
tage of bringing back to generally received laws of action the 
phenomena of potential due to contact of metals and electro- 
lytes. 


I wished to have added one or two experiments to the above, 
which I wanted also to repeat to get surer quantitative deter- 
minations, and to render the conditions more conducive to 
accuracy; but the time at my disposal was limited, as well as 
the opportunities for performing the experiments. 


St. John’s College, October 1881. 


XLII. On Curves of Electromagnetic Induction. 
By W. GRANT*. 


[Plates IX., X., & XL] 
HB the month cf June 1879 I communicated to the Physical 


Society a series of measurements of the conjugate posi- 
tions of two equal circular coilst of wire whose axes were 
parallel to each other—that is to say, measurements of the rela- 
tive positions of the coils when they were so placed that their 
coeflicient of mutual induction became nothing. I also showed 
how, by the aid of these measurements, a curve could be 
drawn such that when one coil remained fixed, and the other 
was moved with its centre always in the curve and its axis 
parallel to that of the first coil, the mutual induction between 
the coils retained the constant value zero. An obvious exten- 
sion of this investigation was to try to trace out some of the 

* Communicated by the Physical Society of London, having been read 


June 11th, 1881. 
+ Phil. Mag. for November, 1879. 
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curves of constant positive or negative induction lying on 
opposite sides of the curve of no induction ; and it is the re- 
sults of experiments made for this purpose, along with those 
of others which were made for the purpose of tracing some of 
the curves of constant induction between the coils with their 
axes perpendicular to each other, which I have now to bring 
before the Society. 

The arrangement of the apparatus and the nature of the 
experiments will be easily understood by reference to the an- 
nexed diagram. 

A, B, ©, and D are four coils of wire made as nearly iden- 


1 
OU 
| 
tical in all respects as possible. Each coil consists of 182 turns 
of No. 24 silk-covered copper wire, of 0:065 centim. diameter, 
wound in a rectangular groove in a flat wooden reel. The 
inner circumferences of the coils are 21:95 centim.; their 
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outer circumferences are 28'2 centim. The depth of the sec- 
tion of the coils perpendicular to the axis is 0-9947 centim. ; 
the width of the groove parallel to the axis is 1°0 centim.: 
the section of the coils is therefore approximately one square 
centimetre. The mean radius is 3°99, or approximately 4-0 cen- 
tim. The resistances do not agree quite so closely; but their 
mean gives R=2°4 ohms at 11°°5 C. 

The coils are mounted on straight guides which have 
grooves in their upper surfaces, along which the coils can be 
made to slide; and their positions are indicated by scales at- 
tached to the guides. The readings are obtained to centi- 
metres and millimetres direct, and tenths of a millimetre by 
estimation. The coils A and B are mounted with their axes 
coincident on a straight guide HF, of sufficient length to allow 
their centres to be separated to a distance of 70 centimetres. 
The coils C and D are mounted on a pair of guides O P and 
MN, OP being about half the length of MN, and attached 
to it at right angles midway between its ends. The axes of 
the coils are parallel to O P and perpendicular to MN: hence 
C can be moved parallel and D perpendicular to the axes with- 
out destroying the parallelism. 

The coils A and C were connected with the battery L and 
with the key K to form the primary circuit; the coils B and 
D were connected with the galvanometer G, or sometimes 
with a telephone, to form the secondary circuit. Now it is 
evident that with this arrangement, in order that there may 
be no current in the secondary circuit on making and breaking 
the primary one, the coils C and D must be so placed that 
their mutual induction is equal to that between A and B; and, 
with reference to the secondary circuit, that the electromotive 
forces induced in the coils B and D must oppose each other. 
Hence, when A and B were clamped at a fixed distance apart, 
every pair of positions in which the coils C and D could be 
placed, so as not to cause a deflection of the galvanometer on 
making and breaking the primary circuit, were positions in 
which their mutual induction was constant, and determined 
one point of a curve of constant induction. Beginning with 
the coil D at P, the middle point of the guide MN, the coil 
C was moved until the induction between C and D balanced 
that between A and B. C was then moved nearer and 
nearer to P, being shifted a centimetre or so at a time; and 
the balance was restored in each case by moving D towards 
Mor N. Now, as the arrangement is symmetrical with re- 
spect to the axis of C, it is evident that when a balance was 
obtained by displacing the coil D on one side of P, it could 
also be obtained by moving it to the corresponding position 
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on the other side. In all cases these two balancing positions 
were found ; and the half-difference of the readings on the 
scale M N, which was numbered from one end, was taken as 
the result of the ex; periment. In this way the measurements 
obtained were independent ol any uncertainty in the deter- 
mination of the point P. In using the numbers thus obtained 
for plotting a curve otf constant induction, the distances read 
off along O P were taken as abscisse, and the half-differences 
of the pairs of readings along MN were taken as ordinates. 
Thus in all the figures which accompany this paper, the axis 
of x is taken as coinciding with the axis of the primary coil 
with its centre fixed at the origin of coordinates, and the 
curves of constant induction are to be taken as representing 
the paths traced out by the centre of the secondary coil in a 
-plane containing the axes of x andy. The induced electro- 
motive force changes sign when the centre of the secondary 
coil passes from one side to the other of the curve of no in- 
duction. In what follows, the induction is reckoned positive 
when the axes of the primary and secondary coils coincide. 
Hence, in the figures, all the curves lying between the axis 
of abscissee and the zero-curve are to be taken as curves of 
positive induction; while those which lie further from the axis 
of abscissee than the zero-curve are to be taken as curves of 
negative induction. The negative curves were traced experi- 
mentally in the same way as the positive curves, except that 
the two leading wires of one of the four coils were inter- 
changed. ‘Thus the inversion of electromotive force, due to 
the relative positions of the coils C and D, was counteracted 
by the inversion of the connections; and the inductive action 
between A and B could be balanced by that between C and 10.3 
just as in the measurements which gave the curves of positive 
induction. 
The positive and negative divisions of the set of curves 
already alluded to, which, in what follows, are spoken of as 
the first set of curves, were each traced out with the apparatus 
arranged as in the diagram. But in order to trace out another 
set of curves, which are afterwards spoken of as the second 
set of curves, the axis of the coil D was set at right angles to 
that of C, but otherwise every thing remained unaltered. The 
zero-curve of the second set coincides with the axes of « and 
y; and therefore it did not require to be traced; each of the 
other curves is complete in one quadrant. The induced elec- 
tromotive force changes sign when the centre of the coil D 
passes from one side to the other of the axes of « or of y: 
hence in the figures the second set of curves are to be taken 
as positive in one quadrant and negative in another alternately. 
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The measurements for the second set of curves were made ex- 
perimentally in the same way as for the first set; but as the 
axes of the coils C and D were at right angles, there was a con- 
siderable part of the field near the origin in which no measure- 
ments could be obtained, on account of the coils coming into 
contact with each other. 

The positive or negative induction corresponding to any one 
of the plotted curves being equal to that between A and B 
when placed at some definite distance from each other, it 
became necessary, in order to place the curves so that the 
numerical value of the induction-coefficient might have a 
known relative for each, to determine the law according to 
which the induction between the two coaxal coils A and B 
varied with the distance between them. For this purpose the 
coil A was connected with a contact-key and with a battery. 
of 20 Grove’s cells to form the primary circuit ; the secondary 
circuit was formed by connecting the coil B with a contact- 
key and with the coils C and D, which were placed close 
together and used as a galvanometer. The needle and mirror 
employed were rather heavy: this had the advantage of allow- 
ing the induced currents to exert their full effect on the needle 
before it had moved perceptibly from its position of equili- 
brium. The key was a double-contact key, so arranged that 
on depressing the key the primary circuit was completed; and 
immediately afterwards, when the current was established, the 
secondary circuit, which was already complete, was opened, 
and was kept open by a spring acting on the lower key, while 
the primary circuit was then broken. The time occupied in 
depressing and releasing the key was in general about one 
third of a second; hence the time during which the primary 
current circulated every time that contact was made was ap- 
proximately that period. With this arrangement only the 
induced current on making was allowed to act on the galva- 
nometer, while that on breaking was prevented from circulating 
in the secondary circuit. : 

The temperature of the primary coil was indicated by a de- 
licate thermometer divided to tenths of a degree Centigrade, 
which had its bulb placed in contact with the silk covering of 
the coil. The variation of the temperature of the coil, due to 
the heating effect of the current during the experiments (as 
indicated by this thermometer) was approximately 1°:0 C. 
The scale-readings obtained at the highest and lowest tempe- 
ratures were found to agree so closely that it was unnecessary 
to make any correction on account of the variation of the 
temperature of the primary coil: its mean temperature during 
the experiments was 11°5 C. 
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As the state of the battery was liable to change and the 
strength of the current to vary, it was important that 
errors arising from these causes should as far as possible be 
eliminated. In order to effect this, a double set of observations 
was taken, first with increasing distances between the coils, 
and next with decreasing distances. In every position de- 
flections were taken towards both ends of the scale ; so that the 
recorded results represent the means of never less than four 
readings ; and in most cases they are the means of twelve or 
sixteen. The observations were begun with the coils A and 
B as close together as possible without touching, and were 
continued till the distance between them was 70 centim.; but 
beyond about 50 centim. the galvanometer above mentioned, 
formed by the juxtaposition of the coils GC and D, was not 
sufficiently sensitive. It was therefore replaced for these 
distances by a delicate reflecting galvanometer; and the 
necessary reduction was made after the ratio of the indications 
of the two instruments had been found. The deflections of 
the needle were indicated by the movements of a spot of light 
on a circular scale of one metre radius. The readings were 
obtained in centimetres and millimetres, and, after having been 
corrected for the effect of damping, were reduced to degrees. 
The value of the induced electromotive force, or, in other 
words, the strength of the induced current, was in each case 
taken as being proportional to the sine of half the angle 
through which the needle was deflected—that is, proportional 
to the sine of one fourth of the corrected scale-reading reduced 
to degrees. In using the numbers thus obtained for plotting 
a curve which graphically represents the values of the coeffi- 
cient of mutual induction M for different distances of the coils 
A and B, the distances read off along the scale EF for the 
positions of the coil B were taken as abscissee, and the values 
obtained for the sines were taken as ordinates. The results of 
these experiments are given in Table I., where the columns 
headed w give distances between the coils, and the columns z 
give the corresponding values of the coefficient of mutual 
induction. The curve plotted by means of these numbers is 
given in fig. 1, Plate XI.; the centres of the small circles in 
that and the following curves represent the points found in 
the experiments. 

This curve is related to the curves of constant induction 
which form the main subject of this paper as the vertical 
section of a surface is related to the contour-lines of that 
surface. Imagine, then, a surface such that the three rect- 
angular coordinates 2, y, and z of any point upon it represent 
respectively the distance of that point from the centre of the 
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TABLE I. 


Distance between | Relative value of | Distance between | Relative value of 


centres of coils induction- centres of coils induction- 
== coefficient =<. | i coefficient=<z. 
centim. centun. 
16 39°567 15:0 0-9 
ori 37-731 16:0 0:758 
18 39°936 17:0 0631 
19 34016 18:0 0°557 
2:0 382°251 19:0 0:48 
2:2 29-551 20-0 0°423 
2°5 25°593 PALO 0°364 
3-0 21:194 22:0 2 0-321 
Be) 17°341 23:0 0:284 
4-0 14-468 24-0 : 0:25 
5:0 10:227 25:0 0:224 
6:0 7449 30:0 0-131 
7-0 5-504 35°0 - 0:083 
8:0 4-163 40-0 0:056 
9:0 olds 45:0 0-040 
10:0 2-528 50:0 0-029 
11:0 2:021 55:0 0:022 
12-0 1-641 60:0 0-017 
13-0 1°338 65:0 0013 
14:0 1-093 70:0 0-011 


primary coil, 2 being measured parallel to the axis of the 
coil, y perpendicular to it, and z being taken equal to M, 
the coefficient of mutual induction between the primary coil 
and the secondary coil placed with its centre at the point a, y, 
o. Then, the curve just described may be viewed as a section 
of this surface in a plane containing the axes of w and gz, the 
curves of constant induction may be looked upon as contour- 
lines of the surface, or as sections of it in planes parallel to 
the plane of # and y,and the curve whose coefficient of mutual 
induction is equal in value to z will pass through the point in 
question. 

The values of M, whether positive or negative, are synony- 
mous with those of z: hence in the figures the curves of 
variable induction, which are situated in vertical planes, are 
to be taken as positive if they are above the plane of z and y, 
and negative if they are below it. Where the values of the 
coordinates of any curve are represented in the Tables by # and 
y, the curve is situated in a horizontal plane; where they are 
represented by 2 and z, the curve is situated in a vertical 
plane. On examining the numbers in this Table, it appears 
that the values of z or M are approximately inversely 
proportional to the cube of the distance from the centre 
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of one coil to the mean circumference of the other— 
that is, that the product Mc? is approximately constant, 
c being put for /a*+.2", where a is the mean radius of one 
of the coils. On closer examination it is seen that this 
product decreases somewhat from w=0 to about «=a, and then 
slowly increases for greater values of «. 

By means of the curve (fig. 1, Plate IX.) it was easy to 
place the coils A and B so that their coefficient of mutual in- 
duction might have any desired value within the available 
range, and thus to assign determinate relative values to 
the coefficients of mutual induction corresponding to the 
curves to be traced out by the coils C and D. In Table II. 
the jirst and fourth columns give reference numbers referring 
to the several curves plotted in fig. 2, Pl. X., whose coor- 
dinates are given in Table III.; the third and siath give the 
corresponding values of M, the coefficient of mutual induction; 
and the second and fifth the distance along the scale EF at 
which the coils A and B had to be clamped in order to obtain 
these values. 


& 


TABLE II. 

No. of No. of 

curve % M curve & M 

See 0:5 Uncertain. 

Fcc 1:0 Uncertain. 

5) name 2-025 2:0 Net etera te 316 — 0:125 

Aes c. 312 16:0 1 Sees ee 24-0 — 0°25 

5 Raa ae 5°78 8:0 NS ere ee ae 18°7 — 05 

GE eects 8:15 4:0 Ope eee 14:45 = 1-0 

[peer oe 11:05 2:0 Ly Sa 11-05 — 2:0 

cS eee at a 14°45 1:0 SPs Mek cose 8:15 — 40 

See 18:7 0°5 OR secre 5:78 — 80 
HOR AL oe 24-0 0-25 DO yee nctc: 3°72 —16°0 
ADELE PRON At 31:6 (OPIS) a) ale 2°025 — 32:0 
rete caelbee toaeace Zero 


The position on the scale E F, in which the coil B had to be 
placed in order to give the required value to the induction- 
coefficient of any curve, was found by inspecting Table IL.; 
the coil was clamped in the position indicated ; and a number 
of balancing pairs of positions of the coils C and D were then 
found. 

In determining the values of the coordinates of the curve 
of zero induction the coils C and D only were employed. The 
primary circuit was the same as that in the diagram, 
omitting the coil A; the secondary circuit was also the 
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same as that in the diagram, omitting the coil B. The 
coil C was brought as near as possible to the point P, 
and clamped in that position, sufficient room being left 
for the coil D to pass without touching it. D was then 
moved toa balancing position on one side of P, and then to 
the corresponding position on the other side of it, and the 
half-difference of the readings on the scale M N was taken as 
the value of the ordinate, the reading on the scale O P for 
the position of the coil C during the experiment being taken 
as the value of the corresponding abscissa. 

The least distance between the centres of the coils C and 
D at which readings could be obtained when their axes were 
coincident was 1°6 centimetre, as their thickness prevented a 
nearer approach; the least distance between their axes at which 
readings could be obtained, when the mean planes of the coils 
were coincident or at a less distance than 1°6 centim. from 
each other, was about 9°2 centim. There was, therefore, in 
each quadrant a rectangular area of which these dimensions 
are the sides within which no results could be obtained. 

In order to extend the experimental curves within this area, 
two coils, whose centres could be brought within 2 millim. of 
one another, were constructed from the remainder of the piece 
of wire from which the other four were made. ‘Their diameters 
were approximately the same as those of the other coils ; but, 
owing to their thinness and the consequent small number of 
convolutions of wire, their coefficient of mutual induction was 
much less ; but this defect was compensated to some extent by 
their proximity. The lines of force due to them were slightly 
different in form from those due to the thick coils; but as in 
most positions of the thin secondary coil the lines of force 
passed through it nearly at right angles, there was less objection 
to the use of the thin coils than if they had been at a greater 
distance apart. They were fitted one to each of the coils C 
and D, so that the same mountings served for both, and the 
readings were obtained from the same scales. That which was 
fitted to the former we shall call Co, that which was fitted to 
the latter we shall call Do. 

In continuing the measurements within the area already 
mentioned, the coils Cy) and Dy were placed in the same 
balancing pair of positions which C and D had occupied when 
the last point of a given positive curve was determined. The 
coil B was then moved towards F along the guide EF to a 
- position in which the mutual induction between A and B 
balanced that between Cy and Dy; this gave the desired value 
to the induction-coefficient of the curve ; and the remaining 
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points were found as in previous cases. Without again shifting 
the coil B, a negative curve, the induction-coefficient of which 
had the same relative value as that of the positive curve, 
could either be continued or completely traced out by inter- 
changing the leading wires of the coil Dy and passing it to the 
negative region. Thus the curves, whether positive or negative, 
could either be continued or completely traced out with the 
thin coils just as with the thick ones; and a constant value 
could be given to the mutual induction between the coils Cp 
and D) in each pair of balancing positions, proportional to, 
although not the same as the value assigned to M for a given 
curve. Hence the path traced out by the centre of the coil 
Do was practically the same as that which would have been 
followed by the centre of the coil D, had it been possible to 
use it in tracing the same curve in that part of the field. The 
value of the induction-coefficient of each of the two curves 
nearest to the origin is uncertain, as the value of ¢ which 
corresponds to that of w for either of these curves is beyond 
the range of the curve, fig. 1. A convenient, although un- 
certain value was given to the induction-coefficient of either 
of these curves by placing Dy at the point P and moving Cy 
towards O until the distance between the centres of Cy) and Do 
was equal to that between the origin and the point where the 
curve was required to cross the axis of w, then balancing by 
the coil B and finding the remaining points of the curve. In 
completing several of these curves for which the value of M 
was comparatively small, it was found that the mutual in- 
duction between A and B was greater than that between C, 
and Do, even when B was placed at the extreme end of the 
scale EF’. Hence, in order to reduce it in such cases, B 
was laid down flat on the guide and displaced towards E or 
F until a balance was obtained ; and although the value of 
the induction-coefficient was uncertain, the mutual induction 
between A and B was equal to that between Cy and Dy) when 
they occupied a balancing pair of positions previously occupied 
by C and D, and remained constant while A and B retained 
the same relative positions. 

The coordinates of the first set of curves of constant induc- 
tion are given in Table III., and are numbered in accordance 
with Table II. 

The results obtained by means of the thin coils C) and Do 
are distinguished in the Table by being enclosed in square 
brackets [ ]. 
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TABLE III. 


Curve 1, M uncertain. 


2. y. 
(02) | [0-97] 
0:3] fos] 
0-4] [0-58] 
[05] [00] 


[0-2] [3-06] 
[1:0] [2-4] 
1-6 1:59 
1:9 0°88 
2-025 0:0 
| 
Curve 5, M=8 
[0-2] [5°17] 
[1-0] [5:07] 
16 4-985 
2:0 4-885 
30 4:505 
4-0 3°855 
5:0 2°705 
55 1:66 
5:78 0:0 
Curve 7, M=2. 
[0-2] [5°89] 
[1-0] [6:0] 
16 67105 
2-0 6-195 
3:0 6:43 
4-0 6°585 
6-0 6:495 
8:0 5-69 
9-0 4-935 
10-0 3°685 
10°5 273 
10°8 18 
11:05 0-0 


Curve 2, M uncertain. 


a Yy. 
[0:2] (tonal 
[0-5 | [1:43] 
[0-7 | [1-14] 
[0-9 | {0-67 | 
[1-0] [0-0] 

Curve 4, M=16. 
[0:2] - [4°35] 
[ 1:0} [4:07] 

16 374 
2:0 3°46 
30 2°37 
3°5 1:35 
3°72 0-0 
Curve 6, M=4. 
[0-2] [5°65] 
[1:0] [5°69] 
1-6 5695 
2:0 5°705 
3:0 568 
4:0 55 
5:0 5A5 
6:0 4:53 
70 35 
1D 2°69 
8:0 1-345 
815 0:0 

Curve 8, M=1. 
[0-2] [6-0] 
{1:0} [6°15] 

16 6°325 
2:0 6°475 
30 6°89 
4:0 7:28 
6:0 7°84 
8:0 7°84 
10:0 7:25 
12:0 5925 
13:0 4-685 
14:0 2°885 
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Table III. (continued). 


po Ge ea ee 9, M=0°5. 
z. Yy. 
[0-2] 6:07] 
{1-0} [6-24] 
16 6:445 
2-0 6°63 
3:0 718 
4-0 7745 
6:0 8°79 
8:0 9-435 
10:0 9-61 
12-0 9:33 
14:0 8-455 
16:0 6:845 
17:0 5:55 
18-0 3°49 
18°5 1:8 
18-7 0-0 


Beil otee Cuvetl Ma0 Moa on arin | debe 11, M=0- Perret eT gpa ee 


(alse 
— 


Sie Soe ee eS 
SSSSSSRSYN 


6°76 
7:42 
8:215, 
9-965 
11°635 
13-025 
14:075 
14:82 
15:2 
15:2 


Curve 10, M=0:25. 


ee Oe 


CNM CaS 
SSSdSSaSp 


23'8 
24:0 


20:0 
22:0 
240 
25°5 
27°0 
28'0 
29:0 
30:0 
30°5 
31:0 
31-4 
31°6 


Pee ls on Curve lM zeros, ly dara MR le.) Gee eOonE a M=zero. 


(ror 
BIO ETC? CUNEO Ne ee 
SSSSSSSSSOUNSHOW 


me 
= OOWDIADN 


[6-14] 
[6-32] 
6545 


12:0 
13:0 
14:0 
15:0 
16:0 
17:0 
18:0 
19°0 
20:0 
21:0 
22:0 
23:0 
24:0 


18:055 
19°45 
20°775 
22°15 
oS 54 
24°9 
26275 
27°65 
29:0 
30°376 
81:°775 
33°13 
34:5 


Phil. ‘Mag. 8. 5. Vol. 12. No. 76. Nc S. 5. Vol. 12. No. 76. Nov. 1881. 
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Table III. (continued). 


Curve 13, M=—0:125. 


& 
Ss 
se 


eccces 


lala) 
[ | ee | 


OWT OP ONE H OO 
“1 Ord MD GOO 


SADSDOCOCSOSRBOW 
$© GO He - CO Od 


Curve 15, M=—0-5. 


eerece 


ecceee 


PROD HH OO 


Curve 17, M=—20. 


Deedee 11-085 
(0-2) | [635] | ...... 
[1-0] | [67] | 10-835 
16 7-215 | 10-4 
2-0 7825 | 9845 
2-2 848 | 918 


Curve 19, M=—8-0. 


[0:2] | [7-165] | [8-42] 
[0-3] | [7.83] | [8-29] 
[0-4] | [7-6] | [8-02] 


Curve 14, M=—0°25. 


OPI) a:b 20:22 
0-2) |. (6-18]\)| ae 
[1-0] | [6-42] | 20-105 

1-6 6-64 | 19:97 

2-0 6:89 | 19:83 

3-0 7-72 | 19°35 

4-0 8-855 | 18:56 

50 | 10-475 | 17-365 

57 | 124 | 15°75 

59 14-05 


14:05 


Curve 16, M=—1°0. — 


Oo ae 13:305 
[0:2] | [e624] | oe 
[1:0] | [656] | 13-125 
16 6-865 | 12°85 
2-0 7195 | 126 
3-0 873 | 11:97 
3-2 9:49 | 10-605 


| 
Curve 18, M= —4-0. 


(ens me 8 9-445 
[0-2] | [664] | ...... 
[0:5] | [681] | 9:33 

[0-7] | [7-02] | 9-225 
[1-0] | [7-445] | [8:85] 
[1:2] | [815] | [8-15] 


Curve 20, M= — 16:0. 


0 745 | 80 
01 752 | 795 
O15 | 77 783 


Point of maximum negative 
intensity, 
No. 21, M=—32°0. 


z. 


0 


| 


Be 


Y: 
Ce 
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The first set of curves of constant induction are given in 
fig. 2, Plate X. Curve 20 and the point of maximum nega- 
tive induction could not be found experimentally; they are 
therefore only given as near approximations. The rectangular 
space near the origin shows the region within which the auxi- 
liary coils Cy and Dy (see p. 338) had to be employed. These 
curves represent the contour-lines of one quadrant of the sur- 
face above described, and show at what distance from the 
origin any curve cuts the axis of y. Knowing this, and know- 
ing also the relative value of M or of z for each curve, 
we obtain a set of values for the coordinates of a curve which 
may be viewed as a section of the surface in question in a 
plane containing the axes of y and z. ‘These coordinates are 
given in Table 1V.; the curve plotted by means of them is 
given in fig. 3, Pl. XI.; but the dotted part of it is only ap- 


proximate. 


TABLE LV. 
¥y Zz | VE zy! zZ 
26 39°55 6:15 26:0 — 0:125 
3:07 32:0 6:17 20:22 — 0-25 
4-38 16:0 6:19 16-27 — 05 
518 8:0 6:23 13-305 Beene) 
5:64 4-0 6:33 11-085 — 20 
5:88 2-0 6:58 9-44 — 40 
5-99 1-0 7-02 8:48 = 8:0) 
6:06 0:5 745 8:0 —16:0 
611 0-25 7-7 7 — 32:0 
613. 0-125 
6-14 0:0 


In order to give a better idea of the symmetry of the curves 
of constant induction than can be got from fig. 2, the curves 
in that figure have been repeated in the other quadrants, and 
are given in fig.4, Pl. XI., for the whole of the magnetic field 
of the primary coil. Now every thing is symmetrical rela- 
tively to the axis of x, and each curve represents a section of 
a surface of revolution about that axis. Hence, if the curves 
are supposed to revolve round the axis of w, a number of sur- 
faces of revolution will be generated, each of which will be a 
surface of constant induction, the surfaces of positive induction 
being separated from those of negative induction by the sur- 
face of no induction. The positive surfaces may be described 
as shells which enclose one another, and each of which turns 
inwards, closing up round the axis of w on each side of the 
origin. The zero-surface, which divides the positive from the 
negative surfaces, instead of closing up, may be supposed to 
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extend in space to an infinite distance. The negative surfaces 
turn outwards and close up in a plane containing the axes of 
az and z; they are hollow circular rings which enclose one 
another, and which have their common centre at the origin of 
coordinates. 


In the series of measurements for the determination of the 
second set of curves, the axis of the coil D was perpendicular 
to that of C, but otherwise every thing was arranged as in the 
diagram. ‘The same values were given to M for these curves 
as for the others, by setting the coil B in the same positions 
on the scale H F which it had occupied during the previous 
experiments. These curves are numbered in accordance with 


Table V. 


TABLE V. 

Number of curve. @. M. 
Re et Re 316 0-125 
OP Ae. 2 24:0 0-25 
eae Lous 0:5 
cE ee 14°45 1:0 
Wie a 11:05 2:0 
G fee 8:15 4-0 


The zero-curve of this set coincides with the axes of coor- 
dinates; and, in general, when two similar coils with their axes 
perpendicular are employed, one as primary and the other as 
secondary, their mutual induction is zero when the axis of the 
one lies in the mean plane of the other. This shows that any 
curve of the second set for which the value of M is small must 
make a near approach to the axes of coordinates in the neigh- 
bourhood of the origin, and that a part of each curve in that 
region cannot be traced experimentally with the coils em- 
ployed. The coordinates of these curves, as far as it was 
found possible to determine them experimentally, are given in 
Table VI.; but there is with this set a larger space near the 
origin within which the dimensions of the coils made it im- 
possible to get measurements than was the case with the first 
set of curves. In the figures, the curves are continued con- 
jecturally within this space by dotted lines. The second set 
of curves are given in fig. 5, Pl. X. 
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TaBLe VI. 


Curve 1, M=0°125. 


y- y'. x. ys 
Fee 5:02 5:5 0:05 
seas (eu 6:0 0:05 
weneee 9:26 8:0 0-12 
aac 10°45 10:0 0:23 
Bea 11:34 12:0 0:47 
decks ee 14:0 0-84 
jabs 13°3 16:0 1:35 
ve 14:54 18:0 2°3 
vine 16:2 20-0 3°67 

17:37 22:0 5°72 
idece HOS 23°0 G2e 
Ne 20:48 24:0 10°25 
Bohs 21:42 

Curve 2, M=0°25 

y Wr. a5 y. 
mth 5:09 5:0 hee 
ee 718 Byes, O01 
alte, 8:28 6-0 O11 
dee 9°16 8:0 0-24 
Bae 9°77 10:0 0:53 
sce 10-74 12:0 1:03 
Rigi 11°82 14-0 1139) 
ttre 13-13 16:0 3-44. 
ee 14:13 17:0 4°55 
Sonera 15:55 18:0 6:51 
atte? 16°54 18-4 8:0 
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Curve 4, M=1-0. 
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Table VI. (continued). 


Curve 5, M=2. Curve 6, M=4. 

SP Y. OF 2B Ye Ole 
Ors eal (ss. .b a3 554 atch: Pl > Pages 55 
Tig). hig: Slt Rae 617 PSs oP eee 5°76 
SAGE el eee 7:27 2al?s pa) RP aes 60 
OF acts. 7°76 ED irk ple eae 6°45 
SU ee eee 8:54 SO) |} eee 6°72 
ZO Os ee ieee 8-91 0 ad ge a 6°96 
EC ed eee 90 LT OS tad DH Ss 6-82 
D2 O:G9) wil, 2 eee 5D leas 6:66 
6:0 0:92 8°85 6-0 1-9 631 
7-0 1°37 8-41 6°5 2°45 5°78 
8:0 2°23 7:58 70 3°62 4°61 
9:0 413 5°56 


The positive and negative curves of the second set have the 
same form, and are positive in one quadrant and negative in 
another alternately. They have been treated as an indepen- 
dent set of curves; but, as will afterwards appear, they are 
not so, but are merely a special case in which the positive 
curves of the first set have become separated by the interve- 
ning zero-curve which coincides with the axes of x and y. In 
this case any corresponding pair of positive and negative 
curves, besides having the same form, have also the same 
linear dimensions. In every other case the form and linear 
dimensions of any corresponding pair of positive and negative 
curves are different, the linear dimension of the negative 
curve being always less than that of the positive. Hence 
this is the case in which the linear dimension of any negative 
curve is greatest, and in which that of the corresponding posi- 
tive curve is least. The second set of curves, for the whole of 
the magnetic field, are given in fig. 6, Pl. [X., which shows the 
relative positions occupied by them in the various quadrants. 


When a system of curves of constant induction have been 
obtained for a given pair of coils, they may be used to give 
the total inductive effect produced on one of the coils by a 
given change of relative position while the other coil is 
traversed by a current of known strength. To simplify the 
statement, suppose the primary coil in which there is a current 
of uniform strength C to remain at rest while the secondary 
coil is moved from a position such that the coefficient of mutual 
induction is M,, to a position in which this coefficient becomes 
M,. Then, if ¢ is the time occupied by the movement, the 
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average electromotive force e which acts in the secondary 
circuit during the movement is 
se os M, CG F 
t 
and if r be the resistance of the secondary circuit, the average 
strength of the secondary current is 


e M,—M, 


eis i ee a 
The total quantity, 9, of electricity conveyed by the secondary 
current is consequently 
M,—M 
a —e re C, 
and is therefore independent of the time occupied in the 
displacement of the secondary coil. 

The values of M, and M,, the coefficients of induction 
corresponding to the initial and final positions of the secondary 
coil, can be obtained by inspection of diagrams of curves of 
constant induction such as those which accompany this paper. 
It is evident that the total secondary current is nothing in 
every case in which the secondary coil is moved so as to 
make M,=M, (that is, whenever the secondary coil in its 
final position is on the same curve as in its first position), and 
that the secondary current is positive when the absolute value 
of M, is greater than that of M,, and negative when M, is less 
than M,. 

The spaces between the curves in the figures may be filled 
up as follows by other curves, for which the values of M lie 
within the available range of the curve fig. 1. Assume a 
value for M which will le between its values for two curves 
already drawn ; take this as the value of z, and find the point 
of the curve fig. 1 to which it corresponds. A point on the 
axis of x will thus be found, which will divide the distance 
between the two points on that axis, whose values are those 
of x for the given curves, into two parts whose ratio may 
easily be found. ‘Then, if a series of points between the two 
given curves are found for which this ratio is constant, a 
curve joining these points will be a curve of constant induction, 
for which the value of M will be that which was assumed. 

The curves of constant induction may also be employed in 
a graphic method for determining, at a number of points in 
the magnetic field, the direction of the resultant inductive 
effect on the secondary coil in the positions in which it was 
used in the measurements for determining the two sets of 
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curves. If the curves figs. 2 and 5 are superposed as in 
fig. 7, Pl. X., we may resolve by the parallelogram of forces 
at a number of points where the curves intersect. For this 
purpose components are taken whose values are proportional 
to the values of M for the curves, and, from the point where 
any two curves intersect, lines are drawn proportional to these 
values for the two intersecting curves. The component which 
is proportional to the value of M for the curve of the first 
set is drawn parallel to the axis of x; and that for the curve 
of the second set is drawn at right angles toit. Compounding, 
we then obtain as resultant a straight line proportional to the 
magnitude, and in the direction, of the resultant inductive 
effect on the secondary coil in two positions at right angles to 
each other. The arrows at the points of intersection of the 
curves in fig. 7 show the directions of these resultants. If 
the curves had been obtained by means of an indefinitely 
small secondary coil, the resultants would have been tangents 
to the lines of force, and the straight lines drawn through the 
same points at right angles to the resultants would have been 
tangents to the equipotential curves ; but with the coils em- 
ployed this is not strictly the case. 

The two sets of curves in the figures are so related 
to one another that the one set may be viewed as a 
modified form of the other. If we begin with the axes of the 
primary and secondary coils parallel, and gradually increase 
the angle between them, the curves of maximum induction, as 
it were, carry the curves of constant induction round with 
them, while the curves of zero induction, in moving round, 
always form lines of demarcation which separate the positive 
from the negative regions. ‘The positive curves of constant 
induction at the same time become distorted and gradually 
contract, the linear dimension of each curve becoming less 
until the angle between the axes is about 90°. When this 
angle has become exactly 90°, the positive curves of constant 
induction have become separated into two distinct divisions 
by the intervening zero-curve (which coincides with the axes 
of « and y),so that they then occupy two opposite quadrants. 
Now, both the positive and the negative curves move round 
together; but as the negative curves are carried round they 
become distorted and gradually expand, the linear dimension 
of each curve becoming greater until the angle between the 
axes of the coils is 90°. When this, which is the extreme or 
limiting case, has been reached, the form and linear dimension 
of any negative curve are the same as those of either of the 
two corresponding positive curves for which the value of M 
is the same, and the two sets of negative curves, which 
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originally were each bisected by the axis of y, have then come 
to occupy the two remaining opposite quadrants. ‘Thus the 
one set of curves of constant induction merges into the other, 
and the forms of both sets, which may be described as ovals, 
depend upon the angle between the axes of the primary and 
secondary coils. 

We see, then, that the second set of curves, although found 
experimentally, are not entirely independent of the first set, 
and that being positive and negative in alternate quadrants, 
they have no corresponding surfaces of revolution, that the 
only curves of constant induction which have corresponding 
surfaces of revolution are those which are obtained when the 
axes of the primary and secondary coils are parallel, and that 
all curves of constant induction which are dte to the coils 
when their axes make any other angle with each other are 
merely modified forms of them. 

The arrangement of apparatus employed in this investigation, 
namely two similar coils in the primary and two other similar 
coils in the secondary circuit, was employed by Dove in his 
researches, and was called by him the “ Differential Inductor’”’ 
(Annales de Chimie et de Physique, tome iv. 1842). 

The same arrangement was employed by Felici, a short 
account of whose researches is given in Maxwell’s ‘ Hlectricity 
and Magnetism,’ vol. i. pp. 169-172. 

In conclusion, my special thanks are due to Prof. G. C. 
Foster, for the general interest which he has taken in this 
subject, and for many important suggestions made during the 
progress of the investigation. 


ALIV. On a New Polarizing Prism. 
By Professor Strvanus P. Toompson, B.A., D.Se.* 


i. EN ee the polarizing prism of Nicol nor that of 
Foucault can be regarded as perfect. The latter 
especially has so small an angular aperture available, as to be 
very inconvenient for any but narrow beams of parallel light. 
The author has sought to improve upon the existing forms of 
polarizing prism ; and his investigations into the cause of 
their defects have led him to produce prisms having a consi- 
derably wider effective angular aperture. 
2. In the text-books it is usual to tell students that in the 
Nicol prism the ordinary ray is suppressed by total reflexion 
because the ordinary index of refraction is greater than that 


ty Communicated by the Author, having been read before Section A of 
the British Association, September 7, 1881. 
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of balsam, and that the extraordinary ray is transmitted 
because the extraordinary index of refraction is less than that 
of balsam. Neither of these statements is completely true. 
All that its inventor claimed for the Nicol prism*, and all that 
it actually performs, is as follows :—The critical angle of total 
reflexion being different for ordinary and extraordinary rays, 
the ordinary ray is totally reflected and thrown out of the field 
at an incidence at which the extraordinary ray is still trans- 
mitted, the available field of polarized light being the region 
between the points where the extraordinary ray itself vanishes 
by total reflexion and the ordinary ray enters by lack of total 
reflexion. ‘The former limit is in all ordinary Nicol prisms 
marked by a broad blue iris or band of colour; the latter is 
delimited by a curved band at the opposite side of the field, in 
which, amidst a prevailing line of red and orange, a system of 
interference-bands can be seen. ‘The existence of these inter- 
ference-fringes was examined by the author in 1877, in a 
paper which appeared in the Proceedings of the Physical 
Society of London, vol. ii. p. 157. In the Foucault prism a 
similar limitation of the field occurs, interference-fringes being 
visible at both limits. 

3. The refractive index of balsam for light of mean refran- 
gibility may be taken as 1°54, that of the ordinary ray in 
calc-spar as 1°66, that of the extraordinary ray as 1:487. The 
reciprocals of these are very nearly in the respective propor- 
tions of 65, 67, 60. The extraordinary index, however, is 
1:487 only for rays at right angles to the crystallographic axis, 
having there a minimum, and increasing up to 1°66 for rays 
whose direction coincides with that of the axis. The ellip- 
soidal wave-surface of the sheet of extraordinary wayes lies 
partly without and partly within the spherical wave-surface 
for canada balsam, while the spherical wave-surface of the sheet 
of ordinary waves lies wholly within. Hence total reflexion 
may occur for the extraordinary as well as for the ordinary 
rays; but of the extraordinary rays only those can suffer total 
reflexion which are situated in such a direction with respect to 
the optic axis that their corresponding portion of the ellipsoidal 
wave-surface lies within the spherical wave-surface for balsam. 
As the Nicol prism is usually constructed, this limit of possible 
extraordinary total reflexion occurs for rays (in a principal 
plane of section) inclined at about 10° to the balsam film, giving 
rise to the limit of the polarized field marked off by the blue 
iris before mentioned. 


— * See Edinburgh New Philosophical Journal, 1828, p. 28, W. Nicol, 
“On a Method of so far increasing the Divergency of the two Rays in 
Calcareous Spar that only one Image may be seen at a time.” 


On the Phenomena of Binaural Audition. 351 


4, The author has succeeded in widening the available field 
of polarized light by constructing polarizing prisms in which 
this blue iris, and the total reflexion of the extraordinary ray 
which produces it, are got rid of. ‘This can be done by cut- 
ting the erystal so that (1) the balsam film lies in a principal 
plane of section, and (2) the crystallographic axis is at right 
angles to the axis of the prism. 

The result of this mode of orientation of the axis and film 
is to gain 9° of angular aperture at this side of the “field,” 
supposing the angles respectively made by the film and by the 
terminal planes with the axis of the prism to be the same as in 
the Nicol prism. 

It is possible to produce a further increase in width of avail- 
able aperture at the other side of the field by reflecting back 
the ordinary ray more than in the Nicol prism by making the 
terminal faces more oblique; but there is then more loss of 
light by reflexion at the surfaces. 

5. Beside the advantage of a wider angular aperture, this 
new form of polarizing prism has the advantage of producing 
a field in which the rectilinear polarization approximates more 
uniformly and symmetrically to a polarization in one plane 
than is the case in the ordinary Nicol. There is, however, 
more waste in cutting the spar, with proportionate increase in 
cost. 


XLV. Phenomena of Binaural Audition.—Part III. 
By Professor Sitvanus P. Toompson, B.A., D.Sc.* 


I. - the author’s papers of 1877 and 1878 he stated that, 

when two separate simple tones reach the ears without 
previously mingling, the difference-tone, or grave harmonic, 
is not heard, though beats are if the tones are within beating- 
distance. The latter statement referred to the beats of imper- 
fectly-tuned unisons, which was the only case of primary 
beats examined at the timef. 


* This paper, read before Section A of the British Association at York, 
continues the researches communicated to the British Association by the 
Author in 1877 and 1878, and printed in this Magazine. See p. 274, Oct. 
1877, and p. 385, Nov. 1878. 

+ This phenomenon of subjective interference, which was announced 
in the author’s paper of 1877, and further discussed in his paper of 1878, 
was independently announced on Nov. 28, 1877, by Professor Graham 
Bell as having been discovered by himself and Sir W. Thomson (subse- 
quently to the publication of the author’s first paper). The phenomenon 
was also known in 1874 to Mach, who mentions it at the end of a paper 
on the Functions of the Pinnez of the Ears (published in the Archi fiir 
Ohrenheilkunde), and ascribes it to a conduction of the sound through the 
mass of the skull. 
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2. The beats of mistuned consonances of the form n: 1, 
which were not explicitly mentioned in the author’s papers, 
nor at that time subjected by him to detailed examination, 
have lately claimed attention on account of the revival of the 
dispute between acousticians of two schools concerning the 
origin of difference-tones, or grave harmonics. Dr. Konig 
of Paris still consistently advocates the theory of Smith and of 
Young—that the beats (which represent in frequency the dif- 
ference between the vibration-frequencies of the two interfering 
tones) pass, when occurring sufficiently rapidly, into beat- 
tones (as he calls the differential tones). All mathematical 
acousticians agree, on the other hand, that this is physically 
impossible if the tones are pure and of so small an amplitude 
that the squares and higher powers of the displacements may 
be neglected. A very important paper on this matter by Mr. 
Bosanquet has lately appeared*, in which the following state- 
ments are made:—(1) That the beats and difference-tones of im- 
perfect consonances other than unisons are subjectivet; (2) that 
the beats consist, as Konig discovered in 1875, of variations 
in the intensity of the lower of the two interfering tones ; 
(3) that if the squares and higher powers of the displacements 
be not neglected in the equations, a term appears haying a 
period whose frequency is the difference of the frequencies of 
the generating tones, as required by Helmholtz’s theory of the 
difference-tones, and corresponding to K6nig’s lower beat- 
notes. In this last we have the apparent reconciliation of the 
experiments of Konig with the theory of Helmholtz. To his 
former experiments K6énig has now added a fresh series with 


* Phil, Mag. June 1881, and Supplementary Number, June 1881. 

+ Iam not quite sure whether I entirely understand the sense in which 
Mr. Bosanquet uses the word subjective. If he means by this term that 
the phenomena of beats and difference-tones exist only in the mind, brain, 
or nerve-structures of the ear, being generated in the sensory apparatus 
by something which physically has no existence, being in fact only phan- 
toms of the imagination, then I entirely differ from him. But if by sub- 
jective Mr. Bosanquet means that the existence of these phenomena, 
though physically and mechanically true, is limited to the receptive me- 
chanism of the ear, then I beg in the first place to disagree with such a 
perversion of the adjective, and in the second place to deny that any such © 
limitation exists. ‘The beats are objective: they can be seen in a mano- 
metric flame if the primary tones are sufficiently loud. The difference- 
tones of the mistuned consonances in question are also objective, inasmuch 
as a suitable asymmetrical resonator will reinforce them. What is the 
ear but a complex resonator upon whose parts vibrations from without 
can be forced? And if, by reason of asymmetry in the ear, the higher 
terms of the displacements can “by transformation” generate resultant 
displacements whose periods are those of the tones in question, and force 
them upon the sentient apparatus, then the same tones can, for precisely 
the same reason, be taken up by any other suitable asymmetrical resonator. 
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a new instrument—the wave-siren*. In this instrument disks, 
upon whose edges have been cut the wave-forms of mistuned 
consonances, are rotated in front of a nozzle through which air 
is blown, and yield, when rotated slowly, beats, but when 
rotated rapidly, deat-tones. 

3. The author has recently submitted to examination by 
binaural hearing the case of mistuned consonances of the form 
nm: 1, with the following results. 

(a) Mistuned Unison.—Two stopped organ-pipes (C’/ of 4-foot 
octave), sometimes blown from one source, sometimes from 
two, were used, one being kept to exact tuning, the other 
raised and lowered in pitch by altering position of stopper or 
by holding an obstacle to the lip of the pipe. A glass funnel 
was placed in front of each pipe; and two indiarubber tubes 
led the sounds to the ears independently. Beats were heard, 
which ceased if either pipe was nipped. ‘The rise and fall of 
the individual tone of the one pipe could also be distinguished. 
The beats appeared to wander from ear to ear. 

(6) Mistuned Octave-—A similar arrangement applied to 
the mistuned octave entirely confirmed the second point of 
Mr. Bosanquet’s research. Whether the upper or the lower note 
of the octave interval was tampered with, and whether raised 
or lowered, beats were heard, and those beats consisted exclu- 
sively of variations in loudness of the lower note. That ear 
which received the higher note heard merely variations in 
pitch when that note was tampered with, heard no variations 
either of pitch or of intensity when the lower note was tam- 
pered with. The ear which received the lower note heard 
merely variations of intensity (beats) when the upper note 
was tampered with, but heard variations both of intensity and 
pitch when the lower note was tampered with. 

Two forks giving C’ and C” (mistuned) were next tried 
side by side in aroom, funnels placed opposite them being 
connected to separate ears. Here the sounds mingled to some 
extent before reaching the ears, and beats were heard by both 
ears ; but very careful listening showed that, as before, the 
beats were variatious of loudness of the lower tone. When 
this was relatively much the louder of the two, the beats were 
best heard in the ear listening to the higher fork. When the 
higher fork was the louder of the two, the beats were much 
more distinct to the ear listening to the lower. 

The experiment was then repeated, but with the essential 
difference that the forks were sounded in different rooms, and 
their sounds conveyed to the observer by indiarubber tubes 
through the key-holes of the doors. No sound was audible 


* Wied, Ann. March 1881, Bd. xii. Heft 3, p. 335, 
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except through the tubes. Under these circumstances very 
distinct beats were heard; and they were beats exclusively of 
the lower note. Here, however, a very curious subjective 
phenomenon presented itself, similar to that noted in the 
author’s earlier researches in the case of unisons in different 
phase: the beats of the lower notes did not seem to be mere 
maxima and minima of loudness; they were heard as a moving 
of the lower tone backward and forward from the ear to the 
back of the head. 

(c) Mistuned Twelfth.—For this interval the arrangement 
with stopped organ-pipes was reverted to, the higher note 
being raised and lowered in pitch. To one ear the higher 
note simply rose and fell in pitch without the least throb. To 
the other ear the lower note merely throbbed. Hxtreme mis- 
tuning, so that the beats became too rapid for distinction (at 
60 or 70 per second), yielded no differential tone, though such 
was heard strongly when the two sounds were mingled together 
before reaching the ears. | 

An experiment with tuning-forks gave a similar result. 

At this stage resonators, consisting of rectangular boxes 
closed at one end, were tried, with the result of bringing out 
the phenomenon much more loudly. The beats of the lower 
note are not subjective. 

(d) Mistuned Double-octave-—The mistuned double-octave 
gave equally marked results. When the upper note was 
altered the effects in the ears were as follows: the lower note 
throbbed; the upper note merely rose and fellin pitch. When 
the lower note was altered the upper remained unchanged, but 
the lower rose and fell and throbbed. 


Experiments on Interference between Objective and Subjective 
Tones. 


4. The author has tried to produce interference between an 
objective and a subjective tone in the following manner :— 
In the spring of the present year, after a violent catarrh he 
was troubled at intervals for several days with a “singing” in 
the left ear of a shrill note somewhere near d’”. He tried 
several times to produce a note within beating-distance of this; 
but not having forks for this octave, nor of a lower octave 
sufficiently near, he did not succeed in the attempt before the 
ailment vanished. 

He has, however, succeeded in another case. After listen- 
ing for a considerable time to a note that is played very loudly, 
the ear becomes fatigued and hears the note less loudly ; but 
when the note ceases to be played, it is still heard ringing in 
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the ears for a brief moment. Between this transient sound 
and a real objective note tuned to beat with it, the author has 
produced beats. He brought the tones to the ears with tubes, 
one being intolerably loud, the other faint; and arrangements 
were made by which a single movement opened one pipe and 
closed the other at the same instant. Beats were heard for 
about 14 second after the cessation of the loud sound. 

An extremely curious case was mentioned to the author 
some years ago by an eminent acoustician. A person who 
was aiilicted with mumps on one side of the head heard all the 
sounds in that ear raised about a semitone*, and heard beats 
accompanying notes in the lower part of the scale. The author 
inquired some time after of a non-scientific friend who had 
suffered from a similar attack, whether any thing similar had 
been noticed, but could only learn that voices and musical 
notes jangled “like a harmonium out of tune.” 


Liffect of Fatigue upon Binaural Perception of Direction. 


5. While trying the above experiments on interference after 
fatigue, the author noticed an acoustic illusion due to the same 
origin. Let one ear be fatigued, as before, by listening to a 
loud pure note. Then let the listener try to estimate the direc- 
tion of a sound of the same pitch. If his le/t ear has been 
fatigued, he will invariably imagine the source of sound to be 
further to the right than it really is, and vice versa. The illu- 
sory displacement in the direction of the sound is greater the 
more complete the fatigue. When one ear was fatigued with 
a ¢c’’ fork no illusory displacement was perceived in an a” fork. 
The author has, as yet, only tried these experiments in a 
room, and with the almost simple tones of tuning-forks. The 
observations are of interest, however, in the theory of Binaural 
Audition. 


* In a discussion which followed the mention of this case, Professor 
Michael Foster made the suggestion to the author that this abnormal 
tuning-up of the receptive mechanism of the ear might be due to the ex- 
istence of muscular tissues in the structures of the Corti organ. He 
remarked that in the gamentum spirale externum, outside the attachment 
of the basilar membrane of the Corti organ, there may be seen, at least in 
many specimens, cells which very closely resemble plain muscular jibres 
when examined in the microscope. If this be so, they could, apparently, 
pull up the basilar membrane and tighten it. Professor Foster, who 
kindly permits me to add this very interesting point, informs me that 
while this view of these structures is taken by Todd, Bowman, and 


atteher, their muscular nature is denied by Kolliker and Waldeyer.— 
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XLVI. Harthquake Observations and Experiments in Japan. 
By Joun Mine, F.G.S., and Toomas Gray, B.Sc., F.R.S.E.* 


Ws propose to give in this paper a brief réswmé of some 

experiments on earthquakes performed by us during 
our residence in Japan. Some parts of Japan, and notably 
the Yedo plane, where these experiments were made, are sub- 
ject to very frequent seismic disturbances. It must be borne 
in mind, however, when considering the experiments and 
results here described, that the earthquakes which occur in 
this region are seldom of a destructive character. 

We have found it convenient to divide this paper into two 
parts. In the first part a very brief discussion of the more 
important instruments used by us is given; while in the second 
part some of the most interesting points brought out by the 
use of these instruments are referred to. 


Part f. 


The instruments may be classified, according to the pur- 
pose for which they were intended, into the following groups:— 


1. Seismoscopes. 


These are instruments which merely show that an earth- 
quake has taken place. A great number of instruments of 
this class have been used; and descriptions of most of them 
are to be found in the Transactions of the Seismological 
Society of Japan. The following are some of the more im- 
portant :— 

(a) Vessels containing Liquid.—Vessels of liquid have often 
been referred to in descriptions of earthquakes as giving indi- 
cations, by the motion of the liquid up the side of the vessel, 
of the direction and intensity of a shock. In large shocks, 
provided they can be made to record their motions by some 
such method as colouring the liquid, or coating the side of the 
vessel with some substance which can be easily washed off, 
these may sometimes be of value. For shocks of ordinary 
intensity we have found them quite useless. Many methods, 
both mechanical and chemical, were tried; but as yet no prac- 
ticable method of recording by means of a liquid has been 
found. 

The chief difficulties are to obtain a liquid which will neither 
evaporate nor freeze, and at the same time will not creep up 
the sides of the vessel. Then, again, it is difficult to get a 


* Communicated by the Authors. 
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vessel of the size or shape which will ensure a washing-up at all. 
A vessel, the fundamental period of oscillation of the liquid in 
which nearly coincides with the period of the earthquake, 
would possibly show a considerable motion. A difficulty here 
arises however. Our observations show that few earthquakes 
have any definite period; and different earthquakes have 
generally different, sometimes very different, periods. 

(b) Columns.—These generally consisted of round cylinders, 
with their ends cut very accurately at right angles to the axis 
of the cylinder. Specimens of such cylinders, of various dia- 
meters and the same height, were set on end on a level plane 
with the view of finding, from the direction in which they fell, 
the direction of motion during the earthquake-shock. We 
were somewhat surprised to find that even the smallest cylin- 
der that can be set on end but seldom falls in ordinary non- 
destructive shocks. When the shock is tolerably severe, they 
fall in various directions, even when placed on the same 
slab. The reason of this appears to be that most earthquakes 
commence gently,—the columns rock, and, whilst rocking, 
gradually change their plane of motion before being over- 
turned. Occasionally it may be due to the presence of two 
sets of vibrations in different directions, some columns being 
overturned by one set, whilst others are overturned by the 
other set. Because of this indefiniteness in the indications of 
columns, we have called them Seismoscopes. In addition to 
round cylinders, columns of various shapes (as, for instance, 
inverted cones) have been employed. Columns have also 
been caused to stand on segments of small spheres. These 
variations have not as yet shown any advantage over the ordi- 
nary column. 

Besides the ordinary columns which are used as earthquake- 
indicators, we may mention bodies like strips of glass, pins, 
&c., which will not stand unless supported on oneside. When 
such bodies are thus supported, they are overturned more 
readily by motions inclined to the plane of support than the 
finest columns we are able to set on end. In employing this 
principle of propping up, it is necessary to use a number of 
bodies placed against planes in different azimuths. 

(c) Microphones, or circuit-breakers in conjunction with a 
galvanometer so arranged that if the needle swings it comes 
into contact with a piece of iron and is held, and many other 
similar contrivances have been employed to indicate small 
motions. 

(d) Tremor-Indicator.—This is a modification of a pendu- 
lum seismometer, in which the bob of the pendulum is at the 
time of an earthquake approximately steady. Against this 
bob are placed the ends of two small strips of wood | resting in 


Phil. Mag. S< 5. Vol. 12. No. 76. Nov. 1881. 2K 
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V-grooves, the direction of the strips being at right angles to 
~each other. The outside end of each of these strips carries one 
thread of the bifilar suspension of a mirror, the other thread of 
the bifilar being attached to a point fixed to the earth. When 
the strips are pushed inwards against the bob, by the earth 
moving them, the mirrors turn, and a beam of light coming 
from a lamp and reflected from a mirror to a scale has its 
image permanently deflected. An instrument of this class is 
So sensitive that, at times, it would appear as if a continual 
earthquake were going on. 

(e) Circuit-closer Seismoscope—Underneath the centre of 
the bob of a pendulum a vertical index is so arranged that its 
upper end is pivoted in a universal joint near to the centre of 
gravity of the bob of the pendulum ; about one inch beneath 
this joint it passes through a second universal joint fixed to 
the framework from which the pendulum is suspended. The 
upper end of this index is attached to one pole of a battery ; 
the lower end, which is a platinum wire, dips into a small de- 
pression in the surface of a cup of mercury, after the fashion 
of Palmieri’s circuit-closer. A slight motion of the framework 
causes a considerable motion of the index, and hence causes 
the platinum wire to come into contact with the mercury. With 
this arrangement it is easy to close an electric circuit with 
a motion of the ground equal to one twentieth of a milli- 
metre. The index forms an automatic key, which closes an 
electric circuit in which an electromagnet is included. The 
electromagnet deflects a lever carrying a pencil, which rests 
on a disk kept constantly revolving by clockwork. The posi- 
tion of the mark upon this disk indicates the hour and minute 
of the earthquake, or rather the earth-tremor. 

The clock is a cheap small American clock, the minute- 
hand being replaced by a wooden disk. To avoid the pencil 
continually tracing the same circle, the clock is mounted on 
wheels and is caused to wind itself along a stretched string 
which is passed round the hour-axle. 


2. Seismometers and Seismographs. 

(a) A seismometer which we have found to act well is a 
pendulum with an index arranged like that of the circuit- 
closer just described, except that at the lower end of the index 
a light sliding needle rests on the surface of a smoked glass 
plate. On this plate the pointer gives a magnified record of 
the motions of the earth. ‘This instrument is especially adapted 
to show direction, maximum amplitude of the earth’s motion, 
and the existence or non-existence of transverse vibrations. 
We find it advisable when using pendulums as seismometers, 
to control the motion by introducing a small amount of fric- 
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tion. This friction is applied by allowing a vertically placed 
sliding rod to rest with its lower end, which is pointed, on a 
plate of glass placed on the bob of the pendulum. This rod 
is weighted until, for displacements equal to that of the 
largest earthquake likely to occur, the pendulum is “ dead 
beat.” We have found that when the rod is thus adjusted the 
error in amplitude due to friction is very small. 

(6) Pendulum Seismometers, with apparatus for registering 
two or three components of the motion.—These machines are 
almost identical in principle with the tremor-indicator de- 
scribed above. For a detailed description see Phil. Mag. for 
September 1881. 

(c) Torsion-Pendulum Seismograph.—In this instrument 
the bob of the pendulum is in the form of a flat ring, on the 
top surface of which a flat disk of smoked glass is placed. 
The suspending wire of the pendulum is so proportioned that 
the torsional period is about one minute. Above the glass 
plate two light connecting rods radiate from the suspending 
wire in directions at right angles to each other. The outside 
ends of these rods are hinged to the short arms of two light 
indices having one axis in rigid connexion with the earth, and 
the points of their long arms resting on the same radius of 
the smoked plate. When this instrument is arranged for use, 
the bob is twisted through rather more than 180° and held by 
a catch, which at the time of an earthquake can be released 
by an electromagnet in connexion with a circuit-closer. The 
bob and glass plate then twist slowly round, and the indices 
at the same time write two rectangular components of each 
motion of the earth on the smoked glass. The bob may be 
arranged so that it is again caught after one turn if thought 
desirable ; and for very small earthquakes it is well to do 
so, in order to prevent the subsequent motion of the pendulum 
from confusing the record. The peculiarity of this instrument 
is that the bob of the pendulum is used both as a receiving- 
plate for the record, and as a steady mass for the purpose of 
working the levers which write it. This gives simplicity and 
compactness to the instrument; but it is evident that it can only 
be used in conjunction with an automatic starting-apparatus. 

(d) Conical-Pendulum Seismograph.—FYor a detailed de- 
scription, with drawings, of this instrument see Phil. Mag. for 
September 1881. 

(e) Bracket Seismograph.—tThis consists essentially of a 
heavy weight carried at one end of a horizontal bracket which 
is free to turn on a vertical axis at its other end. When 
the frame carrying this axis is moved in any direction, except 
that parallel to the direction of the length of the bracket, 
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the weight causes the bracket to turn, while it itself remains 
nearly steady. This frame is firmly attached to the head of a 
stake driven into the ground. A light prolongation of the 
bracket forms an index, which writes on the surface of a smoked 
glass plate a magnified representation of the motion given to 
the frame by the ground. ‘Two of these instruments, placed 
at right angles to each other, are used in conjunction for the 
purpose of writing two rectangular components of the motion. 

The principle involved in this instrument (namely, that of 
a mass supported in neutral equilibrium at the end of a 
bracket) was, we believe, first used by Prof. W. 8. Chaplin, 
of the Tokio University—and subsequently in the instrument 
described above, which was invented by one of the authors of 
this paper, who was not then aware that the principle had been 
previously applied to this purpose. An instrument involving 
the same principle has also been invented by Prof. J. A. Ewing, 
and is described in the Proceedings of the Royal Society for 
February 1881. 

(f) Double-Bracket Setsmograph.—This instrument con- 
sists of two brackets hinged to each other, and one of them to 
a fixed post. The planes of the two brackets are then placed 
at right angles to each other, so as to give to a mass suspended 
at the end of the outermost bracket two degrees of horizontal 
freedom. (See Phil. Mag. for September 1881.) 

(9g) Rolling-Sphere Seismograph ; 

(h) Rolling-Cylinder Seismograph. 

For descriptions and drawings of both these instruments 
see Phil. Mag. for September 1881. 

Ball-and-Plate Seismograph.—In this instrument three 
balls rest at the corners of a triangle on a “surface plate.” 
On the top of these balls is placed another “ surface plate.” 
When the lower surface-plate, which is fixed to the earth, is 
moved, the balls roll and the upper plate is left behind. Pivoted 
on the upper plate is the end of a long light index. A short 
distance below this pivot the index passes through a universal 
joint fixed to the lower plate. The lower end of this index 
carries a sliding needle, the point of which rests on a smoked 
glass plate, and there writes a magnified representation of the 
earth’s motion. 


3. Instruments for recording Vertical Motion. 

(a) Ordinary Spiral Spring.—The earliest form of instru- 
ment used to record vertical motion was a spiral spring with 
a weight at the lower end, the weight being supposed, on 
account of its inertia, to remain steady at the time of a shock. 
No satisfactory result has ever been obtained from such an 
instrument; for it is extremely inconvenient to make the 
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spring sufficiently long to allow of enough elongation to give 
a long period of vibration. 

(b) Flexible-bottomed- Cylinder Seismograph.—This consists 
of a tin can with an indiarubber bottom, which rests on a thin 
flat spring. Against the lower side of this spring, opposite 
the centre of the rubber bottom, the end of the short arm of 
a lever presses. The canis partly filled with water, which 
by its inertia causes the bottom to be deflected if the can be 
suddenly raised or lowered. The motions of the bottom are 
communicated to the lever, a point at the end of the long 
arm of which is caused to register the motion on a suitable 
receiving-plate. 

_ (c) Compensated-Spring-Lever Seismograph ; 
(d) Hydrometer Seismograph. 
For descriptions, with drawings, of these instruments, see 


Phil. Mag. for September 1881. 


4. Apparatus on which to record Earthquake Motions. 

(a) Carriage Recewwer—A simple and convenient instru- 
ment is a strip of smoked glass resting on a three-wheeled 
carriage. ‘This carriage is pulled along by means of a small 
weight, while a thread from the opposite end of the carriage 
is wound round the axle of a large fan and causes it to turn 
in a vessel of oil, thus regulating the motion. ‘This fan is held 
by a pin, which at the time of an earthquake is drawn back 
by means of an electromagnet in connexion with a circuit- 
closer. When this occurs, the weight as it falls pulls the 
carriage slowly along, while the pointers of a seismograph 
write the undulations of the earth on its surface. 

A check on the regularity of the plate’s movement is ob- 
tained by causing a small pendulum, to which is attached a 
flexible spring, to mark time upon it. This pendulum is set 
free during the first turn of the fan, which knocks out a 
prop used for holding the pendulum in a deflected position. 

The plate is subsequently coated with photographer’s var- 
nish, and then photographed by the “ blue process”’ so well 
known to engineers. 

(6) Drum-Clock Receiver.—Another very convenient me- 
thod is to take an ordinary clock, and place a drum on an axis 
formed by a prolongation of the key-pin of the striking appa- 
ratus. Fasten back the detents governing the striking, and 
attach the starting-apparatus to the fan. If the clock is 
governed by a balance-wheel, it is easy to arrange the starting- 
lever so that, by starting the drum, it will stop the clock. If 
the clock is governed by a pendulum, the best method is to 
catch the pendulum. 

The drum on the axis of the striking-spring is covered with 
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smoked smooth paper, on which the points of the indices of a 
seismograph rest. 

(c) Continuous-motion Receivers.—These are simply strong 
clocks, arranged for the purpose of driving a drum about 
9 inches, ora glass plate about 18 inches in diameter, at the rate 
of about one revolution in two minutes. So long as no earth- 
quake occurs, the pointers of the seismograph continue to move 
along the same line. When an earthquake occurs, the apparatus 
is in motion and ready to receive the whole record. It is yet 
a question whether this is necessary, as it is quite possible to 
start an apparatus before an ordinary seismograph (giving, 
say, a multiplication of 10) is able to show any movement on 
the ‘somewhat broad line which has been previously formed. 
Certainly in earthquakes, when the motion is considerable, 
there is no use for such an apparatus. 

With apparatus for this purpose it is difficult to produce 
uniform motion, as it is evident that an escapement-method of 
governing is not suitable. Conical pendulums, troughs of 
liquid with dipping vanes, after the pattern of Airy’s governor, 
have been tried, but, though acting well when there is no dis- 
turbance, are likely to be affected by the shock, and hence may 
not act well when they are wanted, It appeared that a better 
arrangement would be, to reverse the action of the Airy 
governor and cause the trough of liquid to rotate, the vane 
remaining stationary. ‘The liquid, from the mere fact of its 
rotation, would not be so likely to be affected by the shaking ; 
and, besides, the trough, in consequence of its comparatively 
great mass, would have a fly-wheel governing-action. If the 
vane be placed near the outside of the trough, the governor 
can be made to have great power, because the raising-up of 
the liquid by centrifugal force immerses a greater area of the 
vane. It was found on trial that an arrangement of this kind 
makes an excellent governor, which we think might be taken 
advantage of for many other purposes. 


5. Time- Takers. 


For taking the time of a shock, the simplest plan is for an 
observer, when the shock is felt, to quickly draw out his 
watch and observe the second, minute, and hour successively, 
and then in as short a time as possible to compare his watch 
with a standard clock. 

One of the chief objects in taking time accurately is to 
compare the times of arrival of the shock at two or more places 
some distance apart; as this is the most reliable method of finding 
the direction from which a shock has come, and in some eases 
its origin. The only satisfactory method of comparing the 
times taken at two different places is by an electric signal. The 
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interchange of watches, even if several are interchanged simul- 
taneously, has not proved satisfactory, owing to the variable 
rate of the watch during its journey. The interchanges made 
by us were by railway between Tokio and Yokohama, a dis- 
tance of about 18 miles. 

Comparison of the times at the two places can be made by 
referring each to a well-regulated chronometer. But for ordi- 
nary observers the taking of the chronometer-rate is extremely 
troublesome. 

Clock-stopping.—The ordinary method of taking the time is, 
as in Palmieri’s apparatus, to stop aclock. We have already 
indicated how an ordinary clock with a balance-wheel may be 
stopped. A pendulum-clock may be stopped, as Mallet has 
shown, by dropping a catch on a pin fixed in the pendulum- 
bob. The best way of relieving this catch, which is a toothed- 
bar axled at one end, is to hold up the other end by resting it 
on the extremity of a horizontal wire fixed to the bob of a 
conical pendulum—for example, the extremity of one of the 
indices of a conical-pendulum seismograph. ‘The wire ought 
to be in the same straight line as the bar which holds the bob 
of the conical pendulum deflected. The whole of this apparatus, 
which can be made for a few pence, can easily be made 
small enough to go inside an ordinary clock-case. 

ZTime-taker.—Rather than the method of stopping a clock 
at the time of an earthquake in order to obtain the time, we 
are now using the following method :—A clock with a central 
seconds’ hand is taken. The hour-hand and minute-hand are 
each produced and bent outwards at right angles to the face. 
The hour-hand, however, is made slightly longer than the 
minute-hand, and the minute-hand slightly longer than that 
indicating seconds. In consequence of the bending upwards, 
the ends of the three hands move in the same plane, instead of 
being slightly below each other. These ends are furnished with 
very small heads of wash-leather, which from time to time are 
soaked with an oily ink. A light flat ring, with divisions on 
it corresponding to those of the clock-dial, is so arranged that, 
at the time of a shock, it can be quickly advanced until it 
touches these heads, and then drawn. back. By so doing, 
the hour, minute, and second of the shock are indicated on 
the varnished face of the ring. This backward-and-forward 
motion of the ring is effected by means of a crank and 
connecting-rod, the crank being caused to make half a turn by 
means of a pulley which is turned by a falling weight. At 
the time.of a shock an electromagnet in connexion with a 
circuit-closer pulls a catch away “from the pulley, and the 
crank-pin, which is at its lowest position, moves to its highest 
position, while the weight moves to a small platform. “This 
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half-turn of the pulley causes the ring to be pushed out 
towards the clock and then to be withdrawn. 

The instruments which we have now described, and many 
of them variously modified, have all been more or less tested 
by subjecting them to a series of actual earthquakes. From 
our experiments, it would seem that the choice of an instru- 
ment must depend somewhat on the kind of record which is 
sought for. 

Fora direct single record, either the pendulum with vertical 
index, or the double-bracket instrument appears to be the best. 
It is probable that two conical pendulums arranged to take up 
two rectangular components, and, again, by means of connect- 
ing-rods, to communicate these components to the same ver- 
tical lever, may act well; but this has not been tried. For 
component records, a pendulum with two indices, brackets, 
conical pendulums, and cylinders seem all to act well; but 
the conical-pendulum instrument is probably the best. 

For large earthquakes it is probable (although we have had 
no practical experience) that the bracket and pendulum instru- 
ments would prove useless. For a component of the record, 
either a simple hollow cylinder of considerable mass and rest- 
ing with its axis horizontal on a level plane, or a three-wheeled 
carriage similarly supported, will be found good. 


Part IL. 
Harthquake Motion. 


The subject of earthquake motion may be treated from 
three points of view:—lIst, theoretically; 2nd, by the exami- 
nation of artificially produced vibrations; and 8rd, by the 
instrumental observation of the vibrations we feel in actual 
earthquakes. 

(a) Theoretically.—The probable nature of earthquake 
movement may be gathered from the writings of Hopkins, 
Mallet, &c., and from treatises on elasticity by several mathe- 
matical writers. From these we conclude that there ought to 
be at least two sets of vibrations, known respectively as normal 
and transverse vibrations. The normal vibrations travel more 
quickly than the transverse vibrations, to which they are at 
right angles. According to Poisson, these velocities would 
be /3:1. Poisson’s theory, however, has been shown to be 
at fault in this respect; and we have to rely upon direct expe- 
riments on the elasticity-moduli of the materials for correct 
theoretical estimates of this ratio. The following, according to 
such experiments made by us (an account of which we hope 
shortly to publish), is the value of this ratio for the kinds of 
rock mentioned in the table, the actual velocities being also 
given:— 
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| Velocity of | Velocity of 
normal ee ae Pe ae ae cel 
tions, in centi-| brations, in Ea enanievenee 
| metres per | centimetres 
second. per second. 
Granite: . 52.2050. 395 X 10° 219 x 10? 1-80 
Marble s.-cce 381 x 10? 208 x 10? 1:83 
Dit): eee eae 285 x 10° 209 x 10° 1:36 
Clay-rock ........ 34810? | 254x 10° 1:37 
Slates sy siarascocen: 451 x 10° 286 x 10° 1:58 


Deductions of this kind, however, are invalidated by the fact 
that the specimens used for experiment are, of course, nearly 
homogeneous, whilst the earthquake passes through a mass 
which is heterogeneous and more or less fissured. The results 
here given are deduced from moduli which were determined 
by cross-bending and twisting of long round cylinders. Mallet, 
by experiments ‘‘on the compressibility of solid cubes of these 
rocks, obtained the mean modulus of elasticity,’”’ with the result 
that “nearly seven eighths of the full velocity of wave-transit 
due to the material if solid and continuous, is lost by reason 
of the heterogeneity and discontinuity of the rocky masses as 
they are found piled together in nature.” 

(6) Artificial Earthquakes.—So far as we are aware, the 
presence of the normal and transverse vibrations has never 
been satisfactorily proved; although Mallet proved that their 
presence could be observed in artificially produced vibrations. 

In performing a similar set of experiments to those carried 
out by Mallet, we succeeded in obtaining records of both 
sets. These records proved:—lIst, that the two sets of vibra- 
tions exist; 2nd, that they travel at different rates, which 
rates were measured; drd, that they are differently affected 
by distance, one set dying out before the other; 4th, that there 
ig a difference in their period, the transverse wave having 
rather the longer ; 5th, the amplitude of normal vibrations is 
approximately 3 in the inverse ratio of the distance fr om the 
source. 

These vibrations were produced by dropping a heavy iron 
ball, weighing about a ton, from heights varying up to 
35 feet. The ground through which the vibrations were pro- 
pagated was a hardened mud. The records here referred to 
were written by a pair of bracket-seismographs, with their 
ete resting on a smoked glass plate drawn along by clock- 
wor 
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The measurements on the rate of dying out were mostly 
made by means of rolling-sphere seismographs. 

The velocities obtained for direct and transverse vibrations 
were 438 feet and 357 feet per second. This gives 1:23 as 
the ratio of the propagation of these two sets of vibrations. 

The very low rate of propagation is due to the soft medium 
through which the vibrations were propagated. The actual 
results are probably very nearly correct, from the manner in 
which they were performed, there being no personal equation 
to take account of. Similar experiments were tried at a point 
where the medium was rock. As might have been expected, 
in this case we obtained hardly an appreciable motion even 
at a short distance from the ball. 

Actual velocities, measured in America at the time of the 
Hell-Gate explosions, varied between 3500 and 8000 feet per 
second. ‘The rock was in this case gneiss (?) 

As the base-lines which were used in America were long, 
they must have afforded an excellent opportunity for obtaining 
a good separation of the normal and transverse vibrations. If 
observations were made on these, we have not met with any 
quotation of them. 

Mallet obtained velocities, in feet per second, as follows:— 


aM, su vaguet. Saree Ona jou 
Granite (shattered) . 1306-425 
» | (solid) 604-5 4 


We presume that these velocities are all for direct waves. 

(c) From records drawn by seismographs on smoked glass 
plates, it appears that the motion during an earthquake is 
generally irregular in its character: the extent of movement 
increases gradually to a maximum, and then varies back- 
wards and forwards through several minima and maxima 
during one earthquake. This gradual increase from small to 
large amplitudes at the beginning of earthquakes has consider- 
able value in connexion with deductions from falling columns 
&e., with regard to the side from which the earthquake came. 
_ The amplitude of movement in earthquakes felt in Yedo is 
seldom above a few millimetres, even when they are sufficient 
to do considerable damage to buildings. Usually the maxi- 
mum amplitude is even under one millimetre. The period 
usually varies between + and 3 of a second, having in the 
majority of recent earthquakes been nearer to the latter value. 
Inseveral cases the direction of motion has been found to change 
during the same earthquake, thus giving evidence either of 
reflection or of transverse motion. Most of the points here 
referred to will be found illustrated in the adjoining diagram. 
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This diagram is a tracing of the record given by a conical-pendulum seismograph of a small earthquake which 
occurred at Tokio on the 25th of July, 1881. 
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It is to be observed that, as the record was written on a 
strip of smoked paper wound round a drum which was started 
automatically by the earthquake, the very beginning of the 
earthquake is not shown. The waving line A BC shows 
the successive motions of the earth in a direction N. 15° H. 
magnified about ten times; while the line abc shows the 
motions at right angles to that direction magnified to the 
same extent. The spaces inclosed between the cross lines 
were moved over in five seconds. The extremely gradual 
manner in which the motion dies out is well illustrated in this 
record. | 

In Yedo, earthquakes showing east-and-west directions 
of vibration have been proved by accurate time-observations- 
to have originated in the south. This would seem to indicate 
that the normal vibration did not appear prominently in the 
record. It is possible that in some cases the normal vibra- 
tions are never very prominent, the original strain on the 
material being more of a shear than a compression or extension. 
If this supposition holds, it follows that we cannot with any 
certainty make a deduction with regard to the direction of 
propagation from the direction of motion. The direction of 
original shear might be inclined at any angle to the direction 
of propagation. 

Evidence that the motion is in some cases of a nature 
similar to that here suggested has been obtained in the follow- 
ing manner. Instruments were set up at several stations, 
about 20 miles apart, round Yedo Bay; and in conjunction 
with the observations of these instruments the time of arrival 
of the shock was observed at Yedo and Yokohama. From 
the latter observations, it was found that the hyperboloid 
which forms the locus of possible positions of the origin lies 
between Yokohama and Yedo, and also that it is concave 
towards Yokohama. ‘These observations are corroborated by 
the much greater intensity, greater verticality, and greater 
number of the shocks as felt at Yokohama than at Yedo. In 
some cases, however, the directions of motion at Yedo and at 
stations situated at points in lines at right angles to the line 
between Yedo and the probable origin, are found to be nearly 
the same—thus indicating a disturbance which is propagated 
in one direction as a normal vibration, while at right angles 
to that it is almost a pure transverse or distortional vibration. 

The existence of such an irregular kind of disturbance is 
rendered still more probable when we take into consideration 
the highly irregular nature of the vibrations which are felt 
both by our senses and by our instruments, and combine these 
with the observation that the rocky masses in the vicinity of 
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our probable origin are highly faulted, and bear strong evi- 
dence of recent elevation. The jolting movements felt in an 
earthquake resemble very much what one would expect to be 
produced by the tearing open of a fracture or the sliding of 
two irregular surfaces over each other. 

It has been usual to deduce the angle of emergence from 
observations of the horizontal and vertical components of the 
earth’s motion. If, however, we accept the possibility of dis- 
tortional vibrations playing an important part in earthquake 
phenomena, the accuracy of this mode of estimating that angle 
is very questionable. It is probable that in many cases the 
vertical motion may be due simply to a vertical component of 
transverse movement. When we take this into consideration, 
it is at once evident that some means must be adopted for the 
purpose of finding out to which set of vibrations the vertical 
motion is due. This can be done by writing on a continuously 
moving plate a record of the whole movement, and observing 
the vertical movement corresponding to each individual hori- 
zontal movement. We must not conclude, however, that when 
the vertical movement coincides with the first indicated 
movement it is a genuine vertical component of a normal 
vibration, unless distinct evidence of the presence of trans- 
verse vibrations 1s afterwards observed. In order to form a 
reliable estimate of the nature of the vibration, and there- 
fore of the angle of emergence, the direction of propagation as 
well as the direction of vibration must be independently 
observed at several stations. ‘The direction of propagation 
can only be reliably obtained from observations of time of 
arrival. 

An element of uncertainty in time-observation when taken 
by clock-stopping apparatus is the prolonged duration of the 
shock, and hence the difficulty of making all instruments act 
at the same part of the shock. In consequence of this, it 
becomes necessary either to make the stations at considerable 
distances apart, or to place them so close together that they 
can be conveniently put in electric communication, and then to 
mark particular instants on the different chronographic plates 
used for receiving the record. In this way, if instruments can 
be obtained which will not of themselves considerably modify 
the nature of the record, either the beginning of the shock, or, 
if that is too gradual, some particular prominent feature of 
the shock, may be selected on the different records, and from 
it and the time-signals the interval between the two stations 
obtained. For direction of propagation three stations are of 
course necessary; and for the determination of origin two sets 
of three, if the elements of each set be close together, are 
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necessary. The following are one or two other methods 
which might be adopted for this purpose :— 

If the time of arrival of a shock at three stations a long 
distance apart be taken, and an average velocity of propagation 
assumed, it is possible to construct for each pair of these 
stations a surface (which will be approximately an hyperboloid) 
on which the origin will be situated. The mutual intersection 
of these three surfaces will be approximately the origin re- 
quired. A correction on this may be obtained from succeeding 
shocks by instituting a fourth station on a line through the 
approximate origin and one of the previous stations, and by 
this means approximating more closely to the velocity of 
propagation. 

As another method, if we have the times of arrival at three 
stations close together accurately measured (these give us the 
direction of propagation and the horizontal velocity), a fourth 
station at some distance, say one or two miles, but placed ob- 
liquely to the determined direction, and worked in conjunction 
with the first three, will give us an hyperbola; and the point on 
which the direction obtained from the three stations inter- 
sects this gives us the epicentrum, or point vertically above 
the origin of the disturbance or centrum. It is possible that in 
some cases two points of intersection may exist; but the relative 
intensity of the shock at the two points will be sufficient to allow 
the proper one to be chosen. A fifth station would render the 
determination of the epicentrum perfectly definite. 

The most general case for the determination of the centrum 
from time-observations requires six stations; and these six 
stations must not be in the same line through the origin: and 
even here it is assumed that the velocity of propagation has 
been the same in all directions. 

By varying the elements which are known—as, for instance, 
the number of stations at which time was observed, the 
relative positions of these stations, the directions of vibration 
observed at various points, the angle of emergence (if for small 
shocks such an angle is determinable), &&.—we see that a large 
number of problems may be presented the solution of which 
will give to us more or less correctly the centrum or epicentrum 
of the shock. 

The duration of an earthquake-shock is seldom less than 
one minute, in Yedo, and is often two or three minutes. It 
must be remarked, however, that, judging from our senses, 
many of the shocks seem to last only a few seconds. 

The intensity of a shock is evidently best estimated from 
the maximum velocity of translation produced in a body during 
an earthquake. This is evidently the element according to 
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which the destructive power is to be measured, it being pro- 
portional to the maximum kinetic energy of the bodies on 
the earth’s surface relative to that surface during the shock. 
According to this, then, a shock, the vibrations in which are 
of one-second period, will have only one fourth of the intensity 
of a shock with vibrations of half a second period, if the 
amplitudes be the same. We may write intensity proportional 
to amplitude divided by the square of the period, or 


A 
la 2" 

Marked instances of the effect of period are often to be ob- 
served by simply referring to our senses for the intensity, and 
then to our records for the amplitude and period. We find 
sometimes that what we considered a severe shock has had a 
very small amplitude of movement, but that it has had a short 

erlod. 

: Another interesting point to be observed, is the variation of 
the affected area with intensity, amplitude, and duration. Of 
these elements it would appear from our observations that dura- 
tion is the most important. A comparatively small earthquake, 
if it last for several minutes, will be felt over a large area ; 
whereas a severe earthquake which consists of only a few bumps 
will only be felt for a few miles. A very good illustration of 
this was cbtained on December 23, 1880, when an earthquake 
which was felt at Yedo as a somewhat severe shock, and which 
lasted between three and four minutes, was felt in several 
places in Yezo; whereas a previous earthquake, which was 
much more destructive, but which lasted less than half the 
time, was not felt through half the distance. Both these 
shocks seemed to originate near the same place. 

The geological nature of the rocks near the origin from 
which some of the earthquakes we have felt in Yedo appeared 
to emanate, is as follows:— 

Round the northern end of Yedo Bay we meet on all sides 
with greyish-coloured partially clay-like rock, which on close 
examination appears to consist of a decomposed volcanic ash. 
These tuffs are horizontally stratified, and very little faulted or 
altered. As we go southwards on both sides of the bay, these 
same rocks gradually become coarser in texture, until finally 
they are little more than agglomerates consisting of undecom- 
posed volcanicashes. Along with this lithological change we 
observe a physical change to be taking place. The rocks 
become gradually bent into gentle anticlinal and synclinal 
folds ; and faults become more numerous. Near to the 


372 Messrs. Milne and Gray’s Experiments 


entrance of the bay, in the extreme south, the foldings are 
more steep, and the faults exceedingly common. At many 
points in the faulted districts distinct evidence of a very 
recent elevation are to be seen in the form of borings of 
Lnthodomi 6 to 10 feet above high-water mark. In some of 
these holes the shells still exist. As the rock is exceedingly 
soft, and at the same time exposed to the weather, it is reason- 
able to suppose that the elevation must be of a very recent 
date. 

It is in this district of faults and marks of recent elevation 
that we have determined an origin for several of the more 
recent earthquakes. 


Classification of Earthquakes. 


Instead of classifying earthquakes according to the im- 
pression they have on our senses, we would suggest that they 
might be better classified by the records we obtain from our 
seismographs. So far as records have gone, it would appear 
that we might classify shocks into (1) Direct, (2) Transverse, 
(3) Compound shocks. 

By a direct shock we mean a shock consisting of vibrations 
in the direction of propagation, the degree of horizontality 
being expressed by the ratio of the horizontal to the vertical 
motion. 

By a transverse shock we mean a shock which is for the most 
part due to vibrations at right angles to the direction of pro- 
pagation. The character of this might be expressed in the 
samme manner as the character of the direct shock. 

By a compound shock we mean a shock showing combina- 
tions of the direct and transverse vibrations. The horizontality 
might be expressed as before. 

In defining an earthquake we should consider it as the 
result of an irregular disturbance in the earth’s crust, generally 
producing both waves of compression and distortion. In 
certain cases the former of these may be prominent, whilst in 
other cases the latter. 


Frequency of Harthquakes at different Seasons. 


The following Table, extracted from the records of the 
Meteorological Observatory, is a good summary of the number 
and intensity of earthquakes felt in Tokio, as recorded by one 
of Palmieri’s instruments during the last four years. 
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From this table we see that during the six winter months 
(beginning with October) there has been a total of 182 shocks, 
while during the remaining six months only 123 shocks have 
been recorded. This result, it will be observed, accords with 
the general result obtained by Mallet from an examina- 
tion of the earthquake records of many countries. These 
shocks, however, were destructive; whilst those we speak of, 
with the exception perhaps of one or two, were so small that 
they would not have found a place in the records examined by 
Mallet. 

Not only do we experience a greater number of shakings in 
the cold months, but they are of greater intensities as compared 
with those of the warm months. The intensities of the former 
period may be denoted by 20, and those of the latter by 11. 

Prof. W.8. Chaplin has published a critical examination of 
these earthquakes with regard to the connexion between the 
time of their occurrence and the position of the moon. The 
results obtained did not show any of the connexion observed 
by M. Perrey. 

If we turn to the destructive earthquakes of Japan, we see 
from the following Table (which is drawn up in the same 
manner as those compiled by Mallet) that there have been 
more shocks during the summer than during the winter. This 
result, it will be observed, is not in accordance with the results 
obtained by an examination of the recent earthquakes, nor with 
the general result deduced by Mallet for the earthquakes of 
the world. 

The table has been compiled from Japanese earthquake 
literature. Of this literature we are acquainted with 65 books 
treating on earthquakes, 7 of which are earthquake calendars 
and 23 are earthquake monographs. No doubt there are many 
other books besides those we here refer to. 

These earthquakes, examined as a whole, do not show any 
decided decrease in seismic activity. If, however, we select 
a particular seismic district—as, for instance, that of Kioto, 
for which we have a series of records extending over about 
1200 years—a decrease in the activity of that region is ob- 
servable. Ifa similar examination could be made for special 
seismic areas in Hurope, instead of an examination of the 
earthquakes of a country, we are inclined to think that similar 
results might possibly be arrived at. . 

The fact that there is not a general decrease to be observed 
in the number of earthquakes in many countries when taken 
altogether may perhaps be, as it is in Japan, due to the fact 
that the earthquakes in certain areas have only been recorded 
during a short period, and hence there is an apparent increase 
in late years. In searching for a decrease, such as we have 
found to exist (providing our calendars are correct) in the 
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Kioto area, in other countries, we should be inclined only to 
examine those districts where earthquakes are now common. 
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Winter months, 165; Summer months, 188. 


Thus, for instance, we should not search for a decrease in 
England, even if our records for the last ten centuries were 
perfect, because it is probable that the country has settled 
down to a seismic state which approximates to constancy ; in 
other words, the curve representing intensity of seismic action 
in relation to time has become nearly asymptotic to the axis 
of time. 

Occurrence of Earthquakes in Groups. 

It is often to be observed that subsequently, and now and 
then previously, to the occurrence of an earthquake of unusual 
severity, we have a more or less rapidly occurring series 
of smaller attendant shakings. This fact appears to be 
a confirmation of what we have already said respecting 
the origin of shocks by faulting, the small preceding shocks 
indicating the first giving way of the ground, the large shock 
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the final yielding, and the subsequent shocks the gradual 
settling down of the ground into a state of equilibrium. 


Effect of Earthquakes on Buildings. 

So far as we have been able to observe, the effect of 
an earthquake on a building depends on the following cir- 
cumstances :— 

‘Whether the different parts of the building are so propor- 
tioned that theyare able to vibrate in unison without producing 
excessive stresses atany part. We have observed, for instance, 
that brick chimneys passing through the roofs of wooden 
houses, and chimney-stacks built outside a house and sup- 
ported by tie-rods from the house, are very subject to damage 
by earthquakes. We have observed, also, that cracks pro- 
duced by an earthquake generally open and close during the 
vibrations of succeeding earthquakes, thus giving evidence of 
a want of agreement in the vibrational period of the portions 
of the building on opposite sides of the crack. 

The absence of arches having sharp angles at the crown 
or at the buttresses is also of considerable importance. An - 
examination of a great number of brick arches in similar 
buildings, some of which had sharp angles, as here described, 
while others were curved at these points, showed a very 
marked difference in the effects which had been produced in 
the two cases. The rounded arches were seldom at all 
damaged, while the others were nearly all more or less 
cracked. 

The nature of the foundation on which a house is built may 
also influence the effect considerably... Probably the safest 
foundation is a soft one, the building standing on a broad 
concrete base. We have been led to this conclusion from ~ 
observations on the relative effects of the same earthquake on 
buildings, some of which were built on rock, others on piles 
driven to considerable depths in soft materials, and others on 
concrete. The buildings on rock are generally more shat- 
tered than those in the same locality but on a softer material, 
such as hardened mud. Again, those on piles appear to suffer 
more than those on concrete. Whether this may be due to 
the piles causing the shock to be more severely given to the 
building, or due to the piles sinking and hence causing 
stresses In a more indirect way, we are not yet able to say. 

The configuration of the ground in the vicinity of the 
building 1s a very important factor. The greatest damage 
dependent on this element is done to buildings which are 
placed near the edge of bluffs, or near the junction of a plane 
with a steep hill. The effect of a bluff is probably due to the 
free surface causing a greater amplitude of motion, or possibly 
a more one-sided motion than takes place in an open plane. 


on Earthquakes in Japan. v7 


Evidence that the rocks near to the edge of one of the bluffs 
above Yokohama were subject to great stress during a recent 
earthquake is obtained in the form of long cracks parallel 
to the edge of the bluff. It is more difficult to account for 
the damage done to buildings close to the foot of steep cliffs ; 
but possibly an explanation may be afforded by reflexion of 
vibrations causing increased activity in that region. 


Rotation of Bodies. 


After a severe earthquake it has often been observed that 
many heavy bodies (like obelisks, gravestones, chimneys, &c.) 
have more or less rotated. This phenomenon has been explained 
in many ways. Some have supposed that they indicate a 
vorticose motion in the ground; others that the phenomena are 
due to reflected and direct shocks acting simultaneously on the 
body which has been rotated. Mallet offers the explanation 
that the rotation is due to the centre of friction of the base of 
the body not coinciding with its geometrical centre. 

In certain cases no doubt these explanations, especially the 
latter, may be correct. 

If vorticose motion is the cause of the rotation, we ought to 
find that all twisted bodies near the same place have been turned 
in the same direction; and if we take Mallet’s view, the 
rotation ought to follow no definite law. 

What we actually find, after having examined a great num- 
ber of cases, is that they do follow a law, but not that which 
would be obtained on the supposition of vorticose motion. 

The law is that all similar bodies, such as gravestones, having 
similar sides parallel, are in the same district rotated in the 
same direction ; while another set, having their faces placed 
at an angle to these, may be rotated in an opposite direction. 

This is accounted for if we suppose rotation to be due to a 
direct shock. If the shock comes broadside on to the body, it 
only tends to throw it over; but if it comes obliquely to this 
direction (but not exactly along a diagonal), it tends to tilt it 
up onacorner. This shock may be resolved into two com- 
ponents—one along the projection of the line joining the 
centre of inertia and the corner, tending to tilt it up on that 
corner, and the other at right angles to that direction tending 
to whirl it round. This explanation is not only verified by 
observations after an earthquake, but is easily verified by 
experiment. It will be seen that, according to this explana- 
tion, the direction of rotation may be used for the determina- 
tion of the direction of vibration of a shock. One direction 
produces a rotation corresponding to the hands of a watch, 
whilst another gives an opposite rotation. It will also be 
observed that a body tends to turn until it becomes broadside 
on to the direction of shaking. 
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XLVII. Notices respecting New Books. 

On the Alteration of Superficial Deposits by the Infiltration of 
Atmospheric Waters, Sc. |Mémoire sur les Phénoménes d’ Altéra- 
tion des Dépots superficiels par UInfiltration des Kaux météoriques, 
étudiés, &c.| By Ernest Van pen Broscx, Conservator in the 
Royal Museum of Natural History at Brussels, &. 4to. 180 
pages, with coloured lithographic plate and numerous woodcuts. 
Brussels: F. Hayez, 1881. 

vee author has herein brought together on a systematic plan the 

observations made by himself and others on the results of the che- 
mical action of rain-water on superficial deposits and on rocks lying 
within its influence. This subject has, of course, been within the 
cognizance and under the study of geologists from an early period ; 
and many notes and papers have been given on the several facts 
observed; but M. Van den Broeck has taken this subject particu- 
larly under consideration, and furnishes this compendious and useful 
memoir, based on careful notes on the phenomena of superficial 
alteration observed in Belgium and elsewhere, and illustrated with 
many clear sections, some of which are coloured. 

In treating of the various aspects of superficially-altered rocks, 
and of the results of meteoric (atmospheric) agency, the author 
first notices the mechanical disintegration, and then the chemical 
dissolutions, decompositions, and new combinations ; also the uni- 
versality of these phenomena. ‘Then he takes :—(1) the felspathic 
rocks and their veinstones ; (2) the metalliferous deposits, especially 
where sulphur and iron play animportant part ; (3) the argillaceous 
schists and the clays, the latter being pure, sandy, or glauconitic ; 
(4) the siliceous rocks, with interesting remarks on changes in both 
shallow and deep deposits, alterations and accumulations of quartz, 
modifications of jasper, colloid silica, decomposition of glauconitic 
sands, ‘“silex nectique,” and the Tertiary Millstone of Paris; (5) 
calcareous rocks, especially limestone-gravel, Cretaceous strata, the 
“‘ clay with flints,” sand-pipes, &c. The Appendix treats particu- 
larly of infiltrations in the Quaternary beds, such as the Hesbayan 
loam or loess, and the Diluvium of the valley of the Seine. 

The chemical phenomena of dissolution and oxidation, which are 
the essential points in M. Van den Broeck’s researches, as here de- 
tailed, have certainly been long known and recognized; but we 
have to thank him for collating and coordinating both the facts 
(some of which are quite new) and his inferences, as shown in this 
memoir and thus made available for further consideration, in view 
of the importance which these hydrochemical operations have in 
falsifying certain aspects of geological sections in all parts of the world. 


The Ground (Substrata) of the Cities of Europe. Geological Studies. 
By Ferrx Karrer. [Der Boden der Haupstidte Ewropa’s §c.| With 
23 woodcut sections. 8vo. 68 pp. Alfred Holder: Vienna, 1881. 

Tats is a compendious and highly instructive memoir on the geolo- 

gical structure of the areas on which the seven great cities of Europe 

are situate. The Vienna Basin, traversed by the valley of the 

Danube, comes first, and is rather more fully described, as to both 

present and past conditions, than the others (pp. 1-16); Paris and 
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the Seine valley comes next (pp. 16-25); then London and the 
Thames (pp. 25-32); Brussels and the Senne (pp. 32-41); Berlin 
and the Spree (pp. 42-53); St. Petersburg and the Neva (pp. 53- 
59); lastly, Rome and the Tiber (pp. 59-68). Transverse geological 
sections of these valleys, and vertical sections of the deepest wells 
and borings in the said cities, illustrate this admirably concise and 
well-considered little book; and the general remarks on these inter- 
esting localities, and the special notes on their water-supply and 
sanitary conditions, still further enhance the value of M. Karrer’s 
admirable work. We must add that the author supplies copious 
references to authors and observers, and carefully acknowledges the 
original sections and notes communicated by his many helpful friends. 


XLVIII. Intelligence and Miscellaneous Articles. 


THE SPONTANEOUS THINNING OF LIQUID FILMS. BY J. PLATEAU. 
a my memoirs ‘On the Figures of Equilibrium of a Liquid Mass 

without Weight,’ and in my ‘Statics of Liquids submitted to 
Molecular Forces only,’ I have from time to time insisted that the 
gradual thinning of liquid films is due, entirely in certain cases, and 
in great part in the rest, to the suction exerted by the small sur- 
faces with strongly concave transverse curvatures which lme the 
margins of those films. Now, on considering the capillary pressures 
in themselves, and starting from the principle that the pressure of 
a plane or relatively but little curved excels that of a strongly con- 
cave surface, one may ask if the gradual thinning does not consist 
in this—that the two superficial layers of the film, by their excess 
of pressure, press out from between them the interposed layer, 
driving it towards the very concave portions,—or if the superficial 
layers participate in this motion. To solve this question I have 
had recourse to the following experiment. A plane film of gly- 
cerine liquid was formed in a ring of iron wire of 7 centim. dia- 
meter, supported by three feet, and quite horizontal. While it was 
still colourless it was sprinkled with a light coat of lycopodium 
powder ; it was then covered over with a glass bell, and was observed 
while it was gradually being attenuated, which was ascertained by 
the appearance and succession of the colours. Now, the lycopodium 
was seen little by little to gain the margin; about half an hour after, 
it had accumulated along the ring, and the film was clear of it. 

Thus, in the act of thinning, the superficial layers travel towards 
the margins of the films; but as these necessarily adhere to the 
interposed layer, they could not move without dragging the latter. 
It must, then, be admitted that the whole of the film partakes of 
this motion, whether the action be exerted directly upon the super- 
ficial layers only, or is exerted directly upon the interposed layer 
also, or, lastly, only upon the latter. 

‘When the apparatus is not covered with a bell, the slight agita- 
tions of the ambient air determine extensive irregular movements 
in the film, which are manifested by the lycopodium. Let us say 
further that, to distribute the lycopodium powder properly over 
the film, a little of it is introduced into a small paper tube, and 
blown into the air at a certain distance from the apparatus: the 
powder then descends and deposits itself upon the film ina state 
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of sufficient dissemination.—Bull. de VAcad. Roy. de Belgique, 
sér. 3, tome ii. no. 7 (1881). 


ON SECONDARY BATTERIES. BY J. ROUSSE. 

Tn order to accumulate electricity so as to produce electric light 
or motive force, I have arranged several secondary batteries which 
differ notably from that of M. G. Planté. 

(1) At the negative pole of the secondary battery I employ a 
palladium plate, which, during the electrolysis, absorbs more than 
900 times its volume of hydrogen. At the positive pole I employ a 
plate of lead. The liquid electrolyzed is sulphuric acid diluted to 
10 per cent. This element is very powerful, even when of small 
dimensions. 

(2) Another secondary element, which has also given good 
results, is formed, at the negative pole, of a thin plate of sheet- 
iron: this absorbs more than 200 times its volume of hydrogen 
when it is electrolyzed in a solution of ammonium sulphate. The 
positive pole consists of a plate of pure lead coated with litharge, 
or with pure oxide, or white-lead, or with a mixture of all these sub- 
stances. These metallic plates dip into a 50-per-cent. solution of sul- 
phate of ammonia. 

I have also employed, with some success, other similar combina- 
tions. For example :— 

At the negative pole a plate of sheet-iron; at the positive pole 
a cylinder of ferromanganese. The liquid electrolyzed is sulphate 
of ammonia at 40 per cent. , 

I have remarked that, in general, for composing a secondary bat- 
tery it is sufficient to place at the negative pole of the voltameter a 
metal which possesses the property of absorbing hydrogen when it 
is placed in a suitable solution. On the other hand, it is necessary 
to place at the positive pole a metal which absorbs oxygen and 
becomes peroxidized.— Comptes Rendus, Oct. 3, 1881,t.xcil. p.545. 


ELECTRICAL TESTING. 
To the Editors of the Philosophical Magazine and Journal. 
Electrician’s Department, General 
GENTLEMEN, Post Office, Oct. 4, 1881.- 

In your issue for October last (no. 75, vol. xii.) I notice an ‘article 
by Mr. Thomas Gray, “On the best Arrangement of the Wheat- 
stone’s Bridge for the Measurement of a particular Resistance,” in 
which he says, “‘so far as I am aware, no one has considered in 
detail all the different cases.” I would beg to point out that, in 
the second edition of my ‘ Handbook of Electrical Testmg’*, pub- 
lished in the month of June of the present year, I have fully worked 
out the whole question (including the particular cases referred to 
by Mr. Gray), and I have done this without the use of the calculus ; 
moreover I draw attention to the fact that, although the calculus 
method shows the conditions for obtaining an absolute maximum 
of sensitiveness, yet it does not show (as I have done) that this 
absolute condition may be very widely departed from without prac- 
tically affecting the sensitiveness of the arrangement. 

| Yours faithfully, H. R. Kemes. 
* Published by Messrs. E. and F. N. Spon, Charing Cross. 
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XLIX. On the Theoretic Determination of Vapour-pressure and 
the Volumes of Vapour and Liquid. By Prof. R. Cuaustius*. 


eal ro a gas is more and more compressed at con- 

stant temperature, at a certain pressure, as is 
known, condensation commences, and is completed without 
any increase of the pressure; and only when it is finished is 
an augmentation of the pressure required for a still further 
diminution of the volume, which pressure must then be in- 
creased in proportion very greatly. Besides this actual course 
of the thing, J. Thomson, as is well known, has imagined an- 
other process, which, it is true, cannot in reality take place, 
because the states of equilibrium occurring in it are in part 
unstable, but is yet theoretically conceivable—namely, an alte- 
ration of volume in which the entire mass is supposed to be 
constantly homogeneous, and the pressure accordingly to 
change continuously. The curve which represents the change 
of pressure corresponding to the change of volume for this 
last process may be named briefly the theoretic isothermal. 
The real isothermal differs from it by this—that for a certain 
length, which in the case of compression corresponds to the 
process of condensation, and, conversely, in that of expansion 
corresponds to the process of vaporization, the curved line is 
replaced by a straight line parallel to the axis of abscisse. 
This straight line must, as can be demonstrated from the 
second proposition of the mechanical theory of heat, be situated 


* Translated from Wiedemann’s Annalen, vol. xiv. pp. 279-290. 
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so that the external work done in the vaporization is equal to 
that which would be done in the same increase of volume if 
the pressure changed in accordance with the theoretic iso- 
thermal*. | 

This principle governing the position of the straight line 
we can now employ in order to derive, from the general theo-. 
retic pressure-formula which holds for all volumes, that pres- 
sure which is exerted by saturated vapour. The first published 
research on this subject which has come to my knowledge is 
found in an interesting essay by Van der Waals}. The author 
has, it is true, refrained from communicating in full his caleu- 
lations and the final equations resulting from them, because 
the former were too lengthy, and the latter too complicated 
and, besides, valid only for a limited portion of the curves; 
but he has collected a series of important consequences drawn 
therefrom. Another, likewise very valuable, investigation 
upon the subject has recently been published by Planckf, in 
which both the general equations and their special application 
to carbonic acid are given. 

IT also had already, before I became acquainted with these 
investigations, been for a long time occupied with the same 
subject ; and the conclusion of my investigation was delayed 
only by the toilsomeness of the numerical calculations which 
were necessary for the comparison of the theoretic formule 
with the data of observation. But now that those invyestiga- 


tions of Van der Waals and Planck are published, I think I 


* When, in my paper on the behaviour of carbonic acid (Wied. Ann. 
ix. p. 337, 1880), I determined the position of the straight line in the 
manner above stated, I treated the question as still an open one. At the 
same time I had derived my Inowledge of Maxwell’s views from what I 
could not but consider the most authoritative source, namely his work 
upon the Theory of Heat, and, indeed, from the last edition, revised by 
him, published in 1875. In this edition he has omitted a view enunciated 
in the earlier editions which differs from the above, but without putting 
another view in its place, from which I was of course obliged to conclude 
that he recognized that view as erroneous, but had not yet obtained one 
more satisfactory to him. I have subsequently learned, from a commu- 
nication kindly made to me by M. van der Waals, that Maxwell has again 
spoken upon the subject in another place, and there enunciated a view 
agreeing with the above,—namely, in a lecture delivered at the meeting 
of the Chemical Society on the 18th February 1875, which lecture is 
printed in ‘Nature, March 4 and 11, 1875. Why Maxwell has not men- 
tioned the view there enunciated in the new edition of his work, published 
in the same year, is unknown to me. 

t+ Van der Waals, Onderzoekingen omtrent de overeenstemmende eigen- 
schappen der normale verzadigden-damp- en vloerstofiijnen, Amsterdam, 
1880; also admitted into Roth’s translation of the work entitled Over de 
continuiteit van den gas- en viloeistoftoestand, Leipzig, 1881. 

t Planck, Wied. Ann. xiii. p. 585 (1881). 
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must no longer delay the publication of mine; and I will take 
leave to communicate first, in this paper, the general formule, 
independent of the nature of the particular substances, and a 
series of numbers relating to them, reserving for another paper 
the applications to definite substances. 

§ 2. The formula which, in my treatise on the behaviour of 
carbonic acid, I constructed for the representation of pressure 
as a function of volume and temperature, to be annexed to 
previous formule set up by other authors, is 

it c 

ph, TGR ow nue oe @) 
in which p, v, and T denote pressure, volume, and absolute 
temperature, and R, c, a, and @ are constants. This formula 
I first formed for carbonic acid, by a comparison with the 
results of Andrews’s observations ; and I added, as a conjec- 
ture only, that with a different determination of the constants, 
without any other alteration, it could be applied also to the 
other gases. When, however, I made the experiment of ap- 
plying it to those substances for which extended and reliable 
series of data of observation exist, especially to steam, I found 
that to bring about a satisfactory accordance a still further 
alteration of the formula must be undertaken—which I had 
previously contemplated when occupied with carbonic acid 
only, but which at that time I abandoned on account of the 
uncertainty of the data upon which I had been obliged to base 
the formula. Namely, in the place of the fraction c/T, occur- 
ring in the last term, a more general temperature-function, 
with more indefinite constants, must be put. 

Since the more exact knowledge of the temperature-function 
is not necessary for the general developments here in the first 
place contemplated, we will, for the present, content ourselves 
with indicating it by introducing a newsymbol. For the con- 
venience of the calculations, however, it is advisable not to 
choose the new symbol simply to put it in the place of the 
fraction ¢/T, but to make it represent another quantity con- 
taining that fraction. For this purpose we will give to equa- 
tion (1) the following form:— 


1 Cc 


De eS S » OOABee 
RT va RT\o+6 


; , C 27(a+B) . 
and herein the fraction pe may be replaced by ae), in 


which @ shall denote the temperature-function left undeter- 

mined, of which we may provisionally say only that for T=0 

it likewise has the value 0, and for the critical temperature it 
2G 2 
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has the value 1. By this substitution the foregoing equation 
is transformed into 
Dp es 0G ta (2) 
RL v—a 800+ 8) > 
In order to apply this equation to the process of vaporiza- 
tion, we will, for distinction, denote the pressure of saturated 
vapour by P, and employ for the volume of the saturated 
vapour and the liquid standing under the same pressure the 
symbols s and o, which I have also previously used. Now, as 
the equation must hold good for the liquid as well as for the 
saturated vapour, we can form from it the following two equa- 


tions :— 
ehh et eat (3) 
RT- o—a  80(o+ 9)” * (eee 
ie hada 27(a+ 8) 4 
RE sca 80Ghsy * * eo oe 
_ Further, to express that the external work performed in the 
vaporization must be equal to that which would be obtained 
with the same increase of volume if the pressure changed in 
accordance with the theoretic isothermal and the formula cor- 
responding thereto, we have to put 


Pe-2)=| 7 dv ; 


and if in this we put for p the value determined by equation 
(2), then perform the integration, and divide the resulting 
equation by RT, we get 
it? rdw @) Dies B)7 aL 1 
pre) =)8 =, — ge (sap ee) ee 
For convenience we will also introduce the following sim- 


plified symbols :— 
Pp | 
i= — — 
RY ice 


w=o—a, W=s—a, 
Equations (3), (4), and (5) then become :— 
1 27 


ls oo = 8O(w+y)” e e a ° e ° e e (1.) 
oud ws 274 
= WT 86(W ty)” me 
me, eT 1 
II(W —vw) = log ca = 3a w+y cea (IIT.) 
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These three equations are to be employed for the calculation, 
because from them the values of II, w, and W for every value 
of @ can be determined, which determination further leads to 
the determination of I, w, and W for every value of T also, 
if 0 is known as a function of T. 

§ 3. If we wished to carry out the inate with the aim 
of expressing II, w, and W directly as functions of 0, we 
should have to treat a transcendental equation which cannot 
be solved in a closed form. Hence, as Planck rightly says, it 
is better first to determine all four quantities H, w, W, and @ 
as functions of a suitably chosen new variable. Planck has 
selected as such new variable an angular magnitude , which 
he provisionally unites with another quantity 7, and, together 
with this, defines by the following equations :— 


W=r cos’ 5 o. w=? <in?®. 


I, on the contrary, have ae in my calculations, simply 
the quantity log (W /w), occurring in equation (III. ), as the 
new variable, which I have denoted by 2. 

Before introducing this symbol into the above equations, 
we will somewhat further transform them. From (1.) and 


(II.) follows directly :— 


Te eee ee eects See se 
w S80(wtyy? W 80(W+y)? 


and from this we get 


2iy w W 
SOR I yiCe see a 
CE) Oey): 
or, transformed, 
2iy (W+y)(wtyy (7 
80 7° Ww(W+wt+2yy °° °° © 


Inserting this value of 27y/80 in equation (1.), we obtain 


Fee CW ra eit 
w Ww W+w+2y)’ 


which expression can be transformed into 


Lp al va 
= wWopam(!- Wa): feed hie 


Lastly, with respect to equation (III.), which may now be 


it 
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written in the following order— 


W 97 1 ‘| 
OB = T(W—w)+ stile Was oy; 


it changes, if for 27/80 and II we put the values given under 
(7) and (8) and then again reduce, into the following:— 


AW (Wie (QW hy W. ne) ae (9) 


dead s Ww(W +w+2y) 
To this equation we will now apply the equation 
N= los 2. ye es Ree yt) 


and the equation resulting from it, 
Wim poe is es. rr 
by which we get 
V=(e—1) 2wed+ At) 
if ew (e+1)+2y]’ 
or, differently written, 
2w+y(1+e-4 
agin bX 
A=(1—e er 2S) Gi 


This equation can easily be resolved with respect to w, and gives 


1—2r\e*—e ™* 
DA eae > Rely 
and from this, according to (11), it further results immedi- 
ately that 


T—2re-*—e-*4 
| N—2+(A+2)e*% © 
If the quantities w and W are once calculated, equation (8) 
can be employed for the calculation of the quantity II. But 
if we wish to represent II as a function of X, we must put for 
wand W in (8) the expressions given under (13) and (14); 
we then get, after some reductions :— 
TNA 24 (A+ 2)e]. [1 -e P—e ] 
Dye GEN 
For the determination of the last quantity, 0, it follows 
from (7) that 


WW ae" (14) 


_ 2%y Ww(W +w4 2y) 
OS CCW Ptr ay 
and if in this we insert for w and W their values from (13) 
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and (14), we get : 
oe —A oe Sy FE OING 
— 27 [A—24+ (A+ 2)e— ](1 —2re-4 —e-*) . (7) 


P= § (Ime *)(N— 1 $e) 


By equations (13), (14), (15), and (17) what was aimed at 
is attained, namely to express the four quantities w, W, I, 
and @ by one and the same quantity 2. 

§ 4. If we expand the expressions found in series which 
proceed by powers of A, we encounter a peculiar behaviour : 
in nearly all the factors which occur in the numerators and 
denominators the terms which are independent of » and those 
affected with low powers of 2» cancel one another, so that all 
the numerators and denominators have pretty high powers of 
® for factors, which, indeed, then cancel one another in the 
fractions. ‘The respective series presenting the factors are as 


follows :— 
Lae=)( 1 =a ht = Nae ee sv...) 
1 1 
A—1+e=M( 3 = ai et 5 ? — eS + “ aM...) 
Lene = 9?( s —2n4+ s v= AB jy M—-) 
1 2 5) 4 5 
=e V8 
AN—24+(A+2)e A= ( 31 Ti) A+ BL’ 6a w+ 7a a...) 
4. 
1-2 I03( a Bune ot v— aut as ats.) 
é 1 2 16 12 Og 
M2 Ne Ae af SORE a Neo gen, Sete eS 22a Sige a yy ae 
ao) ve Moa ghee gym Mie ey Mehra +) 


Applying these expressions to the equations (13) and (14), 
and effecting in these the indicated multiplication and divi- 


sion, we obtain 


5) if ibys 1 
way(2—hby gM a gM tg gah gpngh te) (18) 


ie, Seton nice eee Ge Pas if F ) 
From this we see, what can also be otherwise demonstrated 

to be necessary, that the terms with even powers of A are equal 

in the two expressions, and the terms with odd powers are 

equal and with opposite signs. Hence we can introduce two 

new quantities, M and N, containing only even powers of A, 
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M=> (2+ PO sre j 
2.9 Ze ges | (20) 
= 1 42 1 4 : 

and then put 

w=M—NdA, .. . «)-.- ene 

W=M-NA.. |... 29. eeeeeen 

From the last two equations it follows that 

W+w=2M,. 2. > Pe 

Ww= WN, eee 
from which it is evident that the sum and the product of the 
two quantities W and w contain only even powers of A. Now, 
as in the expressions of II and @ given under (8) and (16) 
the quantities W and w occur only in combination as sum an 
product, it thence follows that the quantities II and @ also 
contain only even powers of A. This implies that in the vici- 
nity of the critical temperature, where » approaches the value 
nil, the quantities II and @ behave in an essentially different 
manner from the quantities W and w. We shall revert to this 
further on. 

§ 5. The equations hitherto evolved, presenting the four 
quantities w, W, Il, and @ as functions of d, of course thereb 
determine indirectly the connexion in which each of the three 
quantities w, W, and II stands with the quantity @; but this 
indirect determination, effected by means of a third quantity, 
does not completely satisfy the requirements. In investiga- 
tions of the process of vaporization, the temperature is usually 
considered as the given quantity, and it is wished to deduce 
from it immediately the pressure of the vapour and the volumes 
of the vapour and the liquid. In this sense, therefore, must 
we render more perfect our mode of determination. As in 
our developments hitherto the temperature does not occur 
explicitly, but only the yet undetermined temperature-function 
6, we must provisionally attach the determination to this tem- 
perature-function and set ourselves the problem of arranging 
so that from the value of @ the corresponding values of w, W, 
and II shall be obtained in the simplest possible manner. This 
I have endeavoured to accomplish by calculating a table giving 
for the different values of @, increasing one hundredth at a 
time, the corresponding values of X. From this table X% can 
easily be determined, by interpolation, for any value whatever 
of 6; and when 2 is known, w, W, and II can be directly eal- 
culated with the aid of the above formule. 
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_ To calculate the table, I first represented % by a series pro- 
gressing by powers of a quantity dependent on @. For this 
the following quantity appeared to me the most suitable, 


Dae ee ih aa (2D) 


which, like X, when the critical temperature is approached, 
approaches the value nil. The series in question is 


N= 6x + 8:24.27 + 2°880171 62" + 2°88562827+.... (26) 


Before speaking of the application of this series to the cal- 
culation, a consequence resulting even from its form may be 
interpolated, which is connected with the remark made at the 
close of the preceding section. As is seen, the series contains 
only odd powers of x; and thence it immediately follows that 
the series which represents X” can only contain even powers 
of z. Since, further, as mentioned above, the quantity H, 
when the expansion takes place with respect to A, contains 
only even powers of X, it can only contain even powers of 4, 
according to the foregoing, when expanded with respect to a, 
while the series representing the quantities w and W contain 
also terms with odd powers, and among them a term of the 
first order. We now get from (25), for the differential coefi- 
cients of w and x? with respect to @, the following expressions, 


dx 1 
= — 
do De, ane (27) 
ONG) i 
Gig d 


which as the critical temperature is approached (for which 
0=1) differ essentially from each other in their behaviour, 
in that the former becomes infinitely great, while the latter 
remains finite. In just the same way must, according to what 
has been said above, the differential coefficients of the quanti- 
ties w and W, taken with respect to @,.differ from the differen- 
tial coefficients of the quantity II. It may here be likewise 
added that the same holds good also for the differential coefti- 
cients taken with respect to T; and from this it follows that on 
approaching the critical temperature the volumes of the liquid 
and the vapour undergo changes which are infinitely great 
in proportion to the change of temperature. Van der Waals 
has already called attention to this singular difference. 

With the help of the above series I have calculated X for 
those values of @ and 2 for which that number of terms suffices 
for attaining the desired degree of accuracy. For higher 
values of x, and consequently lower values of @, I returned to 


390 Vapour-pressure and the Volumes of Vapour and Liquid. 


equation (17), from which, for given values of i, the corre- 
sponding values of @ can be calculated, and which, conversely, 
by employing an approximation method, can also be used to 
determine, for given values of @, the corresponding values 
of 2X. 

The table thus calculated, in which, in order to facilitate 
interpolation, the difference between each two succeeding 
numbers is added, follows at the end of the paper. If from 
this table the value of \ belonging to a given value of @ be 
taken, then, as already said, with the aid of this the correspond- 
ing values of w, W, and II can be directly calculated from the 
above equations. Nor, after the table for X is once calculated, 
is there any further difficulty in calculating tables of the same 
sort for w, W, and II, giving for the same series of values of 
@ the corresponding values of those quantities. 
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L. On Skew Determinants. 
By Tuomas Muir, MA., FAS. E.* 


if) i= 1855 it was proved by Brioschif, and, it is said, 

simultaneously by Cayley, that any determinant of 

even order is expressible as a Pfafhan. The restriction of the 

statement to even-ordered determinants has since remained : 
L ee now to show that it may be done away with. 

In the Quar terly Journal of ‘Mathematics for this month 

oe 174) there is given a new form for the product of two de- 


terminants ; viz. when the order is the third, we have 
Ch Ea Che Gy 6B Ele 
Sit (Sy es | Pa We 08 
ty) 2h ey Zy 2 23 
ay Oho G3 Ls B3—L3 G,— Mo Ap — Ly 
Pity, Bo 0b (eaaede (ea-—0h) Jen (ei So, 
Miele Yaa ea Yet e3 323 Yaa ea) Mee 
— 96} Y1— 21 Ya— Zo a3 ates Ya ten Nth 
Cid Poe esa Ys Cake, enter Picea 
aj — Ly bg— Hg A3— U3 Ag+, Agth, +a, 


If, in order to find from this an expression for the second 
power of a determinant, we put a, 2, %3,... = 01, a, 3)... 
the result is nugatory ; but, making the columns of the second 
determinant the same as the rows of the first, we obtain 


72-91 Qa, tg + By ag ty, 23— 
Bite, 28, Bsty72 Bs—y2 O Bi—a, 
We; YotBs 273 O  Y—B3 1-43 
Y1— 43 Y2—Ps 0 293 YotBs yites 
Bi—a@ 0 Bs—y Bst+y2 282 Byte, 

| 9 = a—By as—yy as ty aot PR, 2ay |. 
By changing the signs of the elements in the last three rows 


and rev ersing the order of the six rows, the determinant be- 
comes skew with respect to its zero- diag onal; and hence, on 


| Pos al tt —B, 0 


* Communicated by the Author. 
+ Crelle’s Journal, lii, pp. 183-141. 
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extracting the square root of both sides, there results 


3(%—B,) 3(@3—71) B(@,+1) 2(% +81) ai 
3(B3— Ye) 3(B3 +72) B. 3(B, +22) 
Ys ~—BQ%2+83) 2(11+2s) 
3(Bs—Yo) 3(¢3—Y1) 
3(4— B,) 
Similarly we have the determinant of the fourth order 
| a Bor7364 | equal to 


| 3(%—B,) 3(%s—y1) 3(%,—%) 3(%+0,) 2(4+%) 3(%+f,) ee! 

2(Bs—Yo) 281-82) (Bs +92) 2(Bs+y2.) B, —-B(#2 Bi) 

2(Y¥a—93) 30/%4+45) Y3 3(Bs +72) 2(%+71) 

04 3(Y¥4 +65) 3(B, +63) 3(@,+6;) 

2(¥s—93) 23(Bi—43) 3(%—9;) 

3(B3—Y2) 2(43;—71) 

2(%—;) 

and it is seen to be generally true that any determinant is ex- 
pressible as a Pfaffian. 

The Pfaffian, it may be noted, is symmetric with respect to 
its diagonal or axis. 

3. Brioschi’s result for even-ordered determinants being 
different in character from that obtained in the above way, 
there is thus brought to light an identity between two Pfaffians 
—an identity leading to the theorem that a symmetric Pfaffian 
of the 2nth order is expressible as a Pfaffian of the nth order. 

4, Again, as the product of two determinants is expressible 
as a determinant in a way different from that of § 2, and each 
of the said three determinants is expressible as a symmetric 
Pfaffian, it follows that the product of two symmetric Pfaffians 
is expressible as a symmetric Pfaffian. 

Other examples besides this of the application of our fun- 
damental theorem will readily present themselves. 

5. By skew or symmetric determinants are usually meant 
determinants which are skew or symmetric with respect to the 
principal diagonal, “skew’’ and “symmetric” being con- 
trasted terms. There is, however, possible another kind of 
symmetry, and therefore also another kind of skewness, viz. 
with respect to the centre, or point of intersection of the two 
diagonals. 

In a centre-skew determinant, the mth row from the be- 
ginning with its elements reversed in order and their signs all 
changed, becomes the mth row from the end. 

A centre-skew determinant of the 2nth order is equal in 
magnitude to the corresponding centro-symmetric determi- 


CF a Op 


B, By B, 


Var 2, Ys 


A) 


(iL) 
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nant, the sign-factor necessary for perfect equivalence being 
(1. 

These are self-evident propositions ; but when the order is 
the (2n+1)th, the determinant possesses a property which is 
not so readily apparent. Tor shortness in writing let us take 
a special case, the determinant of the 7th order, 


ay Ag As as As Ag a7 
b, by Os 0 Ds bs b; 
Cy C2 C3 C4 C5 C6 C7 
dy ds ds O03 = G2 4 — Gor A says 
ae eee Cg. aa Co Og Cae Cay Cy 
=U; ep OR SO 
i ee OG a OR a CA a Oy ag a OT 


y) 
If we increase each element of the first row by the corre- 


sponding element of the last row, each element of the second 
row by the corresponding element of the second row from the 
end, and each element of the third row by the corresponding 
element of the third row from the end, there results:— 


@y—Az Ag—Ag d3s—ds O ads—a3 Ag—dg a7—Ay 
b,—b, b,—b¢ b3—bs 0) b;—bz bg—by b6,—b, 


C—C; ly — Cg Cg — ls (OCs — 03 gg 


A= dy dy ds @ —d;s —dzs —d, 
aa — && milo By CAS ae C8 me eer 
Sa at i a al 
—a7 —¢ To Re irr Ogi ICUS —Ap9 Os) 


Treating this determinant in the same way, but dealing with 
columns instead of rows, we have 


4—A, Ag—Ag a3—as O 0 0 0 
b,—b; b,—bg b3—bs O 0 0 0 
Ci—Cz; Co— Cg = Cg — Cs s«COO 0 0 0 
A= dy dy ds @ 0 0 0 
—C7 —C5 —C3; —Cy, —C3—Cy; —Cyg—Cg —Cy —C7 
—b; —be —b; —b, —b3—b; —b, —by —b;—b; 
a ue — Fy Ae Aye ap om Ota Cor Cee oe Cle 
M—A, Ag—~A Ag—as5 —C3—Cs; —Cy—Cg —Cy—C7 |. (I 


= b,—b, bo —bg b, —b; X @ X —b3;—b; —by—- bg —b,—b; 


Cri C7 Cg — Cg C3 =~ Ce Sarg Ge) =Co Ge —@, -— a7 
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If »=0, then A=0; so that, corresponding to Cayley’s 
theorem, “ An odd-ordered determinant which is skew with 
respect to a zero diagonal vanishes,” we have an exact coun- 
terpart, viz. ““An odd-ordered determinant which is skew with 
respect to a zero centre vanishes.” ‘The latter, too, may be 
proved exactly like the former, viz. by multiplying the ele- 
ments of every row by —1, and thus showing that A= —A. 

But, further, the product of the two determinants in (LII.) 
is equal to 


Gj—G, Ag—Ag As—as |} a,+a, GdeFdg Gea. 
(Ane) —b; 5,0, bs —b, (9b, +b,’ 0, Bb, oe 
G—C; Co—Cg C3—Cy | Cr +Cz7 Co +Cg C3 +6; 


and therefore, by Zehfuss’s theorem, is equal to 


ay a) a3 as Ag a7 

by be bs bs be b; 
(a) Cy C2 C3 C5 C6 C7 

C7 Ce C5 C3 C2 Cy 

b; be bs bs be by 

a7 Ag As a3 ag ay is 


that is to say, is equal to the centre-skew determinant obtained 
from A by deleting the middle row and middle column. 
Hence the theorem—A centre-skew determinant of odd order is 
not altered by making all the elements of the middle row and 
middle column zero with the exception of the centre element. 

Instead of deducing this from (III.) we might reverse the 
order, viz. prove the theorem just enunciated by expanding A 
according to binary products of the elements of the middle 
row and middle column, and then by means of this theorem 
establish (IIL). 


Beechcroft, Bishopton, N. B., 
October 8, 1881. 


LI. Experimental Investigations on Magnetic Rotatory Polari- 
zation in Gases. By M. Henri BecQuERet. , 
[Concluded from p. 324. ] 

Discussion of the Sources of Error: Corrections. 


N measurements so delicate as these about to be recorded, it 
was of the highest importance that the effect of the various 
disturbing causes proceeding from the apparatus itself should 
be most carefully studied and measured. Although the 
corrections which it was necessary to make in the results 
observed were very small, yet, as they were of the same order 
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of magnitude as the latter, it was essential to determine them 
with the greatest accuracy. 

They may be grouped in the following manner :— 

I. Variations in electromagnetic intensity. 
II. Want of homogeneity in the luminous source. 

Ili. Magnetic rotations caused by the glasses and the 
glass of the mirrors interposed in the course of the 
luminous rays. 

IV. Corrections due to variations of temperature in the 
gases. 

VY. Displacement of the luminous point. 


I. Variations in Electromagnetic Intensityi—We have 
already stated that the heating of the conductors during the 
passage of the electric current and the operation of the pile 
gaye rise to a regular variation in the electromagnetic inten- 
sity, and that the intensity of the induced current, which is 
in proportion to that of the principal electric current, was 
measured repeatedly. The numbers obtained enabled the 
observed results to be reduced by a simple proportion to what 
they would be if the intensity remained constant. The accu- 
racy of these numbers will therefore depend on the precision 
with which the intensities are measured. We made use of a 
sine-compass placed at 10°50 metres from the middle of the 
large solenoid in the apparatus. At this distance the mag- 
netic influence on the compass was still sensible, and deflected 
the needle about 10’, either to the right or left, according to 
the direction of the current in the bobbins. In order to 
eliminate this disturbing element, each determination of the 
intensity consisted of two successive measurements, made b 
reversing the direction of the electric current in the bobbins; 
and the average of the two deviations obtained was taken as 
the definitive measurement. 

During the course of a series of observations these deter- 
minations were repeated very frequently, every ten or fifteen 
minutes; and it is certain that, for the measurements included 
in these intervals of time, the numbers obtained by interpola- 
tion gave the intensity of the current with a precision equal 
to that of direct determinations. 

The deviations of the compass varied between 25° and 22°; 
the total variation from morning to evening for the same 
series scarcely amounted to 2°. All the results were reduced 
to what they would have been if the deviation had been con- 
stantly 24°. The error in the measurements of the angles 
did not exceed 1’; so that, with respect to the intensities, the 
error could not amount to 0-001 of their value. This accuracy 
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is greater than that of the numbers obtained for the magnetic 
rotations of the gases. 

II. Want of Homogeneity in the Luminous Source-—A 
shaded polariscope, formed of a divided nicol, such as the one 
employed by us, might be used for studying light of any 
colour whatever, provided that the luminous rays of different 
wave-lengths experienced the same action. Under the in- 
fluence of magnetism, on the contrary, the planes of polari- 
zation of the different rays are unequally deflected, the image 
from the polariscope is tinged with various colours, and before 
any measurements are possible it is necessary to make use of 
a monochromatic source of light. On the other hand, our 
apparatus needed an extremely brilliant source of light, on 
account of the very long distance generally traversed by the 
luminous rays before reaching the eye: the passage through 
the glasses and the successive reflections are all causes of loss 
of light; and equality of tint is obtained by almost extin- 
guishing the images, and preserving not more than about 
0:0019* of the intensity of the incident ray. 

I first attempted to direct the blast of a compound blow- 
pipe onto a large piece of fused chloride of sodium. This 
light is extremely bright for a moment; but the salt begins to 
melt very rapidly, without giving time for a measurement to 
be completed by reversing the direction of the electric current. 
It is true that the light might be maintained by progressively 
displacing the piece of chloride of sodium, which melts only 
at one point ; but this gives rise to a very grave cause of 
error: the luminous point is displaced; and this displacement 
causes corresponding deviations of the plane of polarization, 
which completely disturb the phenomena due to magnetic 
influence. I was therefore obliged to relinquish the employ- 
ment of this source of light. 

When the piece of chloride of sodium just spoken of is re- 
placed by a piece of quicklime, the light emitted by the in- 
candescent lime is composed of nearly all the rays which 
form the visible part of the solar spectrum, but the luminous 
point has the advantage of remaining almost perfectly fixed. 

As the rotations observed in the apparatus are very slight, 
the images are only very faintly coloured, and. the measure- 
ments of equality of tint can be made with great exactitude. 
They become still clearer if a coloured screen, which allows 

* This number is obtained as follows :—The position of the analyzer 
which corresponds to the equality of tint is at 2° 30’ from those which 
correspond to the extinction of each half of the image from the polari- 
scope. In this position, therefore, the luminous intensity is represented 
by cos? 87° 30’=0'001900, the intensity of the incident ray being taken as 
unity. 
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only a narrow portion of the spectrum to pass, is placed be- 
tween the source of light and the polariscope. 

In this point of view, the want of homogeneity in the 
source of light causes only a slight perturbation in the appre- 
ciation of the equality of tint of the two halves of the image ; 
nevertheless an imperfect knowledge of the wave-length of 
the luminous rays which reach the eye causes a serious un- 
certainty, which it is most desirable to obviate. 

In fact, it usually happens, as will be shown later, that the 
magnetic rotations of the planes of polarization of luminous 
rays of different wave-lengths traversing a gaseous column, 
are very nearly in the inverse ratio of the squares of their 
wave-lengths. The slightest variation, then, in the nature of 
the rays, of which the equality of tint is being estimated, 
modifies the size of the corresponding magnetic rotation very 
considerably ; and our apparatus was suiliciently sensitive to 
demonstrate these variations. 

A little difference in the pressure of the oxygen in the 
blowpipe causes a variation in the temperature of the incan- 
descent lime, and consequently in the quality of the light 
emitted; for the higher the temperature the richer the light 
becomes in refrangible rays. At each passage through the 
glasses, and at each reflection on the mirrors, a small quantity 
of light is lost; so that the colour of all the reflected i images is 
not exactly the same. In proportion as the number of re- 
flections increases, the colour of the corresponding images ap- 
proaches the colour emitted in large quantity by the source. 

In order to profit fully by the sensitiveness of the apparatus, 
and to effect the measurements with the utmost precision of 
which they were capable, it was necessary, in each of the 
experiments, to estimate the average length of the luminous 
rays which reached the eye. 

Measurements were taken of the rotation of the plane of 
polarization of these rays while passing through the same 
column of carbon bisulphide, or of some other body, such as 
glass, with which the phenomenon was previously studied. 

For carbon bisulphide, for instance, the relations of the 
magnetic rotations to the yellow rays D, and to rays of any 
wave-length whatever, were known. It sufficed, then, to 
know the magnetic rotation of the rays studied, ‘compared 
with the rotation of the yellow light, in order to be able to 
deduce the approximate value of the wave-length from it. 
I have already had occasion to apply this method in my pre- 
vious researches *, and subsequently ¢ to verify the accuracy 
of the results thus obtained. 

* Annales de Chinue et de Physique, t. xii. 187 
t+ Comptes Rendus de ? Académie des eb orae t Ixxxy. 
Phil. Mag. 8. 5. Vol. 12. No. 77. Dec. 1881. 2H 
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In order to measure the rotation of the plane of polarization 
of light, other methods might be employed, by which the 
wave-length of the light under measurement would be very 
accurately ascertained ; but, as I have already remarked in 
the memoir above quoted, these methods do not admit of the 
same sensibility as the shaded polariscope when the rotations 
to be measured are very small. In the present researches I 
propose to determine, at the same time, the magnetic rotations 
of various gases with luminous rays having the same wave- 
length, and to compare amongst themselves the magnetic 
rotatory powers of the same body with luminous rays having 
different wave-lengths. It has just been shown that the two 
studies should be pursued side by side. 

I made use of the light of incandescent lime seen either 
directly or through coloured screens, which were :— 

1. Rather dark-red glasses, made with cuprous oxide. 

2. Light-yellow glasses. 

3. A bluish green glass, which intercepted nearly all the 
red rays, and chiefly allowed rays to pass bordering on group 
E in the solar spectrum. 

4. A liquid screen containing ammoniacal copper nitrate, 
which gave passage to a pencil of luminous rays, the most 
intense part of which had an average wave-length included 
between the lines E and F in the solar spectrum. 

These various luminous sources, seen through a column of 
0:50 metre of carbon bisulphide, gave the following results :— 

The rotation obtained under the same magnetic conditions 
for the yellow rays D was taken as unity. The divergencies 
observable in the results relating to the same coloured light 
arise from the differences in temperature of the source during 
the various series, and show the importance attaching to the 
variations in brilliancy of the incandescent lime. 

These results correspond to the light received after a single 
passage of the luminous rays through the apparatus ; as is 
seen, they are rather variable with the luminous intensity. 
The first series was obtained with a particularly feeble inten- 
sity; while the other results, which are more concordant, 
correspond to very nearly the maximum temperature that I 
was able to impart to the cylinder of lime, a condition that I 
‘always sought to realize in the experiments. In order to fix 
the wave-length of each of the reflected images more precisely, 
I operated in the following manner :—The large tube was 
withdrawn from the interior of the coils, and the glasses 
unscrewed and placed inside the first coil, into which I caused 
the full current from the pile to pass, by detaching the other 
coils from the circuit. By this means the magnetic intensity 
became very considerable. I then arranged the optical system 
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in the same way as for my experiments with the gases. The 
luminous rays passed through the glasses several times ; and 
their plane of polarization experienced unequal magnetic 
rotations, which were measured for each image. 


Magnetic Rotations of Carbon Bisulphide, with different 
luminous Sources. 


Magnetic ro- 


eal ite Average length 
pared with Average. on ee ie uced 
that of yellow ae 2 
light D. rotations. 
series 

2nd 0-812 

Red glass, No. 1 ...... ord oso} a 0:808 645:0 
4th 0:809 
2nd 0°838 

Red glass, No. 2 ...... ord 0824 0336 6345 
4th 0°847 

Yellow rays D ......... Bee OOD is 1 a. .ee 589:2 
Ist 0-968 

Yellow glass ............ 2nd 10s0 | 1:028 582°0 
ord 1:028 

White light, incandes- | ; 4 OGRA ee 571-5 

CenbelimMe cn ...iee «30% 
Ist 1-332 
2 

Green glass... So aeae 1-274 528-5 
4th 1:287 
2nd 1-458 

Blue screen .........06. ord 1-498 f ee 1-480 500-0 
4th 1-482 


The following Table contains the results obtained. In order 
to facilitate the comparisons, the numbers observed were re- 
duced to what they would be with the intensity of the electric 
current which I employed as unity throughout the work ; but 
as they arise from more considerable rotations, their precision 
is greater. The results are given to the hundredths of a 
minute ; at best the tenths of a minute can be relied on. In 
this Table I have been obliged to make some corrections, 
which will be justified later—in particular the action of mag- 
netism on the column of air subjected to the action of the 
electromagnetic coil, and the influence exerted by the latter 
on the glass of the nearest mirror. 

Finally, as the law of dispersion of the planes of polari- 
zation of the various coloured rays is ascertained for the 
crown glass, the approximate value of the average wave- 
length of the luminous rays which reach the eye for each 
image can be reduced from the observed rotations. 
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From this it is seen that the wave-lengths deduced from 
these observations are obviously the same as those with the 
carbon bisulphide. The composition of the light from the 
different images reflected varies little when coloured screens 
are used; but with the light seen directly without screens the 
influence of coloration from the successive images is very 
manifest. Thus we find :— 


Horthe direct image ~~.) A O-000071 
—,, first image'reflected .' 5. 0:000573 
i Seconds f .; Sreeeiaes 0:000574 
Pe cence reat ee st eae 0:000578 
ee LOUrbI er a. “i aera: 0:000590 


When the number of reflections increases, the refrangibility 
steadily decreases. 

III. Magnetic Rotations caused by the Glasses interposed in 
the Path of the Luminous Rays.—I have already mentioned 
that, in consequence of the exigencies of construction, the 
luminous rays had to pass through rather considerable masses 
of glass, subjected to an extremely weak electro-magnetic 
action. Nevertheless the rotatory power of solids is so great, 
compared with that of gases, that the rotations produced by 
these masses of glass are of the same order of magnitude as 
the phenomena to be measured. 

A very simple means of determining all the corrections at 
the same time was to create a vacuum in the tube, and to 
measure the rotation obtained, under these conditions, for 
each source of light, then to fill the tube with gas, and make 
the experiments. 

At first I tried to work in this way; but the process pre- 
sented numerous difficulties—amongst others, exposing the 
glasses to the risk of fracture. When the tube is empty of 
air, the glasses support a pressure of about 50 kilog. ; now it 
is known that under the influence of even a feeble pressure, 
the rotatory power of bodies diminishes very considerably. 
The real degree of influence exercised by the glasses on the 
rotations when the tube is full of gas is therefore not ascer- 
tained under these conditions ; and the differences are not 
unimportant. Besides, under the strain which they have to 
support, the glasses present phenomena of elliptical polariza- 
tion which completely alter the measurements. In order to 
avoid these various inconveniences, I adopted the plan of 
always operating at pressures very nearly equal to atmospheric 
pressure. Operating by displacement, the tube was filled 
with the different gases to be studied, several hundreds of 
litres of gas being passed into it. It is thus possible to ob- 
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tain in the tube gases containing only a few hundredths of 
impurities, of which, however, an account is kept. Under 
these conditions it is certain that the glasses do not occasion 
any sensible phenomena of elliptical polarization which can 
confuse the measurements. For instance, I placed in the 
immediate vicinity of the polariscope a small tube of sugar 
and water, giving a rotation of 55’ for yellow light; and 
on measuring this rotation by means of the fourth reflected 
image, it was found to have exactly the same rotation, 5d. 
The rays had then traversed forty surfaces of glass. 

It must, however, be remarked that when the tube is very 
hot the circumference of the glasses becomes unequally heated, 
and they present slight and momentary indications of strain. 
The glasses can be set so as to counteract the effects pro- 
duced ; but it is better to conduct the experiments in such a 
way as to avoid these perturbations, and to reject the obser- 
vations which there is reason to believe are affected by this 
cause of error. In order to ascertain the influence of the 
glasses, the magnetic rotation through the tube full of air 
was measured ; then the glasses were unscrewed, and the new 
rotations obtained measured ; the difference between the two 
gives the action of the glasses. But this difference itself de- 
pends upon very small numbers; and it becomes of conse- 
quence to try, by special measurements, the value of this 
correction, since it affects all the other measurements. 

The magnetic intensity at the position of the glasses was 
ascertained either directly or by means of the curve spoken 
of at page 323. This curve gives the ratio of the mag- 
netic intensities inside the first coil, and at any distance from 
it. For the glasses whose centre is at about 0:14 metre 
from the exterior surface of the coils, the ratio of the mag- 
netic intensity experienced has been found to equal 0°067 of 
that inside the coil. 

A heavy piece of glass placed inside the first coil gave for 
the yellow light a rotation of 10610; and at the place of the 
glasses in the tube it gave 7/1. The ratio of the two rota- 
tions is also 0:067. Ladopted this number, and thus, knowing 
the magnetic rotations of the glasses inside the first coil 
(p. 3899), was able to deduce from them the corrections 
sought for with the different colours and different images. 

To this correction a second but less important one must be 
added. It has been seen that both before and after the 
successive reflections, the luminous rays pass through the 
mirrors themselves. These are made of St.-Gobain glass, and 
are 7°9 millim. thick. The magnetic intensity to which they 
are subjected has been found to equal 0°026 of that existing 
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ra 
inside the first coil; and taking into account the relative 
thickness of the glasses and mirrors, it is clear that, in order 
to ascertain the magnetic rotation to which they give rise, 
the number obtained for the glasses inside the tube must be 
multiplied by 0-040. 
In this way the following Table, which contains the neces- 
sary corrections to be made to the direct measurements, has 
been drawn up :— 


Corrections for the Glasses and the Glass of the Mirrors. 
Red. 


4thimage. 3S3rdimage. 2nd image. Ist image. 


cp 3-49 3-94 9-10 1-26 
1 bi go): ea 0°25 0-25 0:25 0:25 
374 319 2°35 151 


White (incandescent lime) ; yellow. 


4thimage (D). 3rdimage. 2ndimage Ist image. 


Clean tc... 4-30 3:50 9:53 1-52 
DiPtrrOTsi/acces fekka. sot 0:28 0:29 0:30 0-30 
4:58 379 83 1°82 
Green. 

4thimage. 3rdimage. 2nd image. Ist image. 
Gllacc6s lec oessets 5-75 47 3-10 1:85 
MMII ONS «ce seciesaisas ses 0°38 0°38 0:37 0°37 
6:13 4°85 347 2°22 

Blue. 

4thimage. 3Srdimage. 2ndimage. Ist image. 
ASSES RRs races Creat oat. aa ese a orn wey Ieee 2-16 
MMOS rae ak Wee iy ame SEER ee | | LEE RRS: 0:42 
SUS a ae Perinat be eS 2°58 


These numbers are obtained from a large number of obser- 
vations ; although the tenths of a minute may be relied on, 
the hundredths are given as they resulted from the caleu- 
lations. In concluding the examination of this question, I 
may remark that, the rotations to be measured in the gases 
being very small, all secondary considerations had to be 
sacrificed ‘to perfection in the arrangement of the optical 
system, without which perfection the measurements would 
have been impossible. 

IV. Correction for the Temperature.—I stated above that, in 
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consequence of the passage of the electric current through 
the coils, the temperature of the tube rose rapidly to 30° or 
40°C. It was therefore very important to ascertain the 
average temperature of the gases in each series of experi- 
ments. 

To do this I measured the temperature of the copper by 
means of contact-thermometers. Moreover the tube itself 
acted as a gas-thermometer ; it was in constant connexion 
with a mercurial manometer which, when the atmospheric 
pressure was ascertained, gave at every moment the pres- 
sure of the gas inside the tube. The temperature deduced 
from. observations of the pressure was always the same as 
that given by the thermometers. The comparison of these 
temperatures enabled us to discover when there were leakages 
of gas in the tube. 

In order to admit of comparison, the results observed had 
to be reduced to the same pressure of 760 millim. of mereury 
and to the same density. ‘The correction relative to the pres- 
sure and to the density might amount to 0°10 of the value of 
the numbers found experimentally. 

I have assumed that the magnetic rotatory power of the 
gases studied between 0° and 40° varied proportionately to the 
density, or in the inverse ratio of the modulus of dilatation 
(1+at). The probable existence of a slight variation with 
the temperature in the molecular rotatory power of the gas 
has been thus neglected ; but it may be remarked that if this 
variation is of the same order of dimension for gases as for 
other substances it must escape our measurements; for it is of 
the order of the errors of observation. The agreement of the 
results obtained at different temperatures seems to justify this 
hypothesis. Concerning the numbers given below, it may be 
stated that they were obtained at a temperature of between 
10° and 40°, and that the different gases were reduced to a 
uniform pressure and volume by multiplying the numbers 


obtained by the factor = (1+at), H being the pressure of 


the gases, ¢ their temperature, and a their coefficient of dila- 
tation. 

V. Displacement of the Luminous Point.—The luminous 
point does not invariably occupy a fixed position. Although 
tie blowpipe is fixed to the polariscope, it happens that the 
luminous point rises or falls on the piece of lime according 
to the greater or less pressure of the oxygen which feeds the 
combustion. The lime itself becomes slightly hollow; and on 
this account the incandescent region is displaced. 

These slight displacements of the luminous point cause 
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corresponding variations in the plane of polarization of the 
different images; and if a sudden displacement occurred 
during the progress of a measurement, the latter would be 
erroneous. In order to guard against these variations, a 
large number of consecutive measurements were made by 
alternating the direction of the electric current in the coils. 

During the greater part of the time it was easy to see, by 
the constancy of the direction of the planes of polarization 
reflected in one direction or the other, that the luminous 
point was fixed. From time to time a gradual displacement 
of the planes of polarization was apparent; but as the devia- 
tions in one direction or the other were measured alternately, 
this cause of error could be eliminated by taking the average 
of the deviations in one direction and the average of the de- 
viations in the other. All the numbers obtained were exa- 
mined with great care from this point of view, and the 
averages calculated in two ways:—the first, by taking the 
averages of the double rotations directly observed ; the 
second, by deducing the rotation from the difference between 
the average positions of the planes of polarization deflected in 
one direction or the other. 

When the two calculations did not give exactly the same 
result, the average of the two numbers was taken. The differ- 
ence, however, did not generally amount to more than a few 
tenths of a minute of arc. 

Finally, I may add that all the phenomena which might be 
due to dilatation, even of the copper tube, must be considered 
as introducing no appreciable perturbation into the measure- 
ments. 

Accuracy of the Measurements. 


The magnetic rotations obtained for the gases are some- 
times so feeble that it is very important to take the most 
exact account possible of the degree of accuracy of the obser- 
vations. As will be seen, this determination presents great 
difficulties ; and I shall confine myself to indicating the supe- 
rior limits of the errors to be feared. 

The causes which may vitiate the measurements are the 
following :— 

Ist. The greater or less precision in the determination of 
the position of the planes of polarization, in consequence of 
the imperfection with which the eye appreciates the equality 
of tint in the two halves of the image from the polariscope. 

2nd. The precision with which the electromagnetic inten- 
sity is measured. 

érd. The uncertainty as to the true wave-length of the 
light studied. 
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4th. The greater or less accuracy in the measurement of 
the temperature and pressure of the gases. 

Sth. The accidental displacement of the luminous point. 

The influence of the last four causes of error is very slight 
in comparison with the first. In determining the maximum 
value of the latter, let us consider the maximum value to 
which the errors in our measurements might attain. Let R 
be the magnetic rotation for a given gas, submitted to the 
action of an electric current of the intensity I, and A the 
wave-length of the luminous rays to which the observations 
are being directed, let p be the rotation which is to be mea- 
sured, i and A the wave-length of the light studied. It will 
_be shown afterwards that we can express 
Re eae 7 


By taking the io of the two numbers and differ- 
entiating, we have 


dR dp 2dr d _@H adt 


158) Bac oy ae yeh ial Bien et 
Hach of the terms of the second member represents the 
relative error due to the variation of each element, and may 
be positive or negative. It is clear that the most unfavour- 
able case for the measurements will be that where the terms 
have the same sign and are additive. di 

Now it has been seen above (p. 395) that — — cannot exceed 
0-001. 

The possible variation of X% may be Pane from experi- 
ments made with carbon bisulphide (p. 398). It is easily 
seen that the variations in brilliancy of the incandescent lime 
_ through the same coloured screen do not give for the expres- 


sion = greater values than 0:05 ; & 
0-002 ; and an error of 1° must be me uy the temperature of 


7 Sal be 0:003. 


does not amount to 


the gases in order that the expression et 


There remains, then, the error dp. With a shaded appa- 


ratus the position of equality of tint is easily determined to 
nearly 1’. As the rotations sought are deduced from the 
difference between the two measurements, the maximum 
error cannot exceed 2’. 

Let us admit this limited value dp =2’, and let us calculate 
the relative error for two gases—air, which produces the 
smallest rotations, and olefiant gas, which produces the 
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largest : 
iRiorale. etaets. <p — rea at = 0°35, | 
For olefiant gas p=40"0 £0.05, = 0°10. 


Strictly speaking, then, in a single determination it would 
be possible to commit an error which would vary between 
the third and the tenth of the rotation, according to magnitude 
of the rotation. 

These numbers are far from giving the precision which 
may be attained by increasing the observations. For ex- 
ample, we made on the two gases that we have just cited about 
a hundred and fifty measurements, which mutually tested each 
other, and enabled us to see which observations were too in- 
exact and ought to be rejected. 

Not being able to determine separately the value of the 
most important causes of error, we attempted to make the 
precision of each series evident by means of the greater or 
less agreement in the measurements. Suppose that the 
average of the numbers for a series of observations is the true 
value of the rotation sought; the individual measurements 
ean then be compared with this average, and the positive or 
negative deviations calculated in each case. Giving the same 
sign to all of them, and taking the average, a number will 
result that we will call the ‘average deviation,’ and which 
will give an idea of the precision of each of the measurements 
in a series. In this calculation all the observations were 
taken into account, even those which presented exceptionally 
large deviations due to accidental causes. In the following 
Tables we have put in opposite columns the numbers 
adopted, and the value of the average deviation calculated in 
this way for each series ; but it must be observed that this 
deviation is not the error which is probably to be feared. 
As might be anticipated, it is much smaller, as, indeed, the 
agreement of the results deduced from different series de- 
inonstrates. The average deviations are only superior limits of 
the errors. 

If the only cause of error were that which relates to the 
optical measurements, the different series ought to give the 
rotations sought with a precision proportionately greater as 
the image reflected is of a higher order; for the same error 
would enter into a multiple of unknown quantity, and the 
application of the method of least squares would be clearly 
indicated ; but certain perturbations, such as a variation in 
the wave-length of the light studied, enter into the value of 
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even the unknown rotation. It was therefore necessary to 
compare each of the rotations with the average wave-length 
which corresponded to it. 

It has been stated that the results obtained with different- 
coloured rays are very nearly in the inverse ratio of the 
square of the wave-lengths; and the departures from this 
simple law are of the order of errors of observation. This 
observation, then, enabled us to employ, for the determi- 
nation of the magnetic rotation corresponding to luminous 
rays of a given wave-length, for example the yellow rays D, 
all the observations relative to the same gas, which in the 
case of air and olefiant gas amounted to a hundred and fifty. 

Now the average of a hundred observations made with the 
greatest care possible may be considered as ten times more 
exact than a single isolated measurement ; it is clear, then, 
that for the numbers in question, an accuracy of +5 of the 
minute of arc may be relied on. 

It will be shown (p. 428) that the numbers deduced, as 
has just been said, from observations relative to various 
colours do not differ amongst themselves by more than 7, for 
air and =4, for olefiant gas. 

In the Tables that follow, the numbers are expressed in 
minutes of arc ; and although the first decimal figure cannot 
always be relied on, I have given the results to two decimal 
figures, as they resulted from the calculation of the averages. 


EXPERIMENTAL DETERMINATIONS. 


It has just been shown what was the relative importance of 
the different corrections which affect the direct observations. 
Among them there is one that applies to all the other correc- 
tions ; this is the variation in the electromagnetic intensity. 

It was ascertained that this varied only within restricted 
limits; and in order to render the numbers comparable, we 
made this correction first of all. The tables which follow 
contain only numbers thus corrected. The values of the other 
corrections are given in the tables themselves, in order that 
their relative importance may be justly estimated; for they 
allow of the same causes of error as the observations them- 
selves. We now proceed to examine successively the results 
obtained with different gases. 

Atmospheric Air.—The observations relative to atmospheric 
air were numerous, first, because the magnetic rotations of 
this body constituted an important physical datum, and, 
secondly, because it was possible to effect the determina- 
tions without interposing the tube-glasses in the path of the 
light, and thus to verify the numbers adopted for the magnetie 
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rotations due to the passage of the luminous rays through 
these glasses. Besides the determinations which follow, a 
great number of others were made before the apparatus had 
received its definite and final form. However, the average of 
the results found previously is identical with that which is 
deduced from the following numbers:— 


Aimospheric Air. 
Average | Average |Correction,) Numbers | Corrected) Mean 
Series. tempera- |pressure, |(1-+a7)760 | observed and| magnetic} devia- 
ture, ¢. H. Heya | corrections. | rotations.| tions. 


Wuitz LiguT (incandescent lime).—4th image (9 passages). 
Ist. Measurements without the tube-glasses. (Former arrangement of the apparatus. ) 


a millim. . ; 
May 13, 1879. | 30:7 | 7640 | 1-100 éa7| 6-78 | 1-1 
Final arrangement. 
Jan. 16, 1880. , 10:0 763°2 1-033 6°56 
Mirrors 0°28 | 6-48 1:8 
Diff. 6°28 | 
March 19, 1880.} 16-0 7680 1-048 6:44 
Mirrors ie 6-45 L-0 
Diff, 616 
2nd. Measurements with the tube-glasses. 
Jan. 19, 1880. | 16°5 762°'8 1:056 10°74 
rasa Wiegal 650 | 1-0 
Dit. Si GAG 
March 11,1880.; 14:0 8013 1:032 10-92 
Corr. oon | 6°54 16 
Diff. 6°34 
ord image (7 passages). 
March 6, 1880.) 21-0 7918 1-033 Sal 
Seer eM MoM |) eae 
| Diff. 498 


YELLOW LicuT (yellow glass).—4th image (9 passages). 
1st. Measurements without the glasses. 


March 19, 1880, 20:7 767-9 1-064 6-15 


Mirrors 0:28 | 6-18 0:8 
Dit 5:87 

», (2nd series).| 35:0 766°3 L-9 5:05 
Mirrors 0:28 5:34 0-4 


410 


Series. 


March 11, 1880. 


Average | Average Correction, 
tempera-| pressure,| (1-+.a¢)760 | observed and | magnetic 
rotations. 


Table (continued). 


Numbers 


ture, ¢. ial H ‘| corrections. 
2nd. Measurements with the glasses. 
5 millim. ; 
330 820°3 1-038 10°95 
Corr. 458 
Diff. 637 | 


Corrected 
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$61 


Rep LicuT (red glass No. 2).—4th image (9 passages). 


March 19, 1880. 


March 19, 1880. 


March 11, 1880. 


March 19, 1880. 


March 19, 1880. 


March 6, 1880. 


March 11, 1880. 


Measurements without the glasses. 


30°6 766°5 1-102 5°88 
Corr. 0°25 
Diff. 5°63 

srd image (7 passages). 
Measurements without the glasses. 

27°2 7666 1-077 
Mirrors 0° 35 
Diff. 398 398. 

Measurements with the glasses. 

33°0 821-4 1-037 7:50 
Corr. 319 
Dit As 4-31 


GREEN LIGHT.—4th image (9 passages). 
Measurements without the glasses. 


21:4 76705 1-071 754 
Mirrors 0°38 

Dit 716 

38'0 766:2 1:130 6°66 
Mirrors 0°38 

Diff. 6:28 

ord image (7 passages). 
Measurement without the glasses. 

26:2 766°9 1-086 6°58 
Mirrors 0°38 

Diff. 6:00 

Measurement with the glasses. 

33°6 821-0 1-038 11°39 
Corr. 4°85 

Diff, 6-54 

30°0 822-1 1-040 11°33 
; Corr. 4°85 

Diff. 6-48 


j 


6°19 


4:28 


4-47 


767 


6°78 


Mean 
devia- 
tions. 


12 


0-9 


0°5 


1:0 


0-9 


0:9 


1:0 


0-8 


1:9 
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Table (continued). 


Average | Average | Correction,| Numbers’ | Corrected} Mean 
Series. tempera- |pressure, | (1 +-a7)760 | observed and| magnetic | devia- 
ture, 7. Hi. - | corrections. | rotations.| tions. 
2nd image (5 passages). 
Measurement with the glasses. 
eB age millim. j 
March 6, 1880.| 33°6 821°0 1:038 7:20 
ey eaves 397 | 66 
Diff. 3°73 
Buus LigHt.—1st image (3 passages). 
Measurement without the glasses. 
March 19, 1880.| 36-9 766°1 1-126 3°10 
Mirrors 0°43 3-00 0-3 
ID SMH | AH 


Oxygen.—The oxygen was prepared by mixing chlorate of 
potash with a little binoxide of manganese. ‘The greatest care 
was taken to purify the gas from the chlorine always contained 
in it: this was done by passing it several times very slowly 
through a solution of potash, and then over pumice moistened 
with a concentrated solution of potash. The gas was dried by 
passing over fragments of pumice moistened with sulphuric 
acid and then over calcium chloride. 

In this way several hundreds of litres of gas were prepared 
in bags which had been used for some time; and the oxygen 
was slowly introduced into the tube by causing it to pass once 
more through the series of purifying and drying tubes. The 
oxygen displaced the air, so that eventually the tube was filled 
with a mixture containing only a few hundredths of impuri- 
ties. Several methods were employed for analyzing the oxygen, 
hydrochloric acid and copper being principally used. In this 
way we obtained for the mixture studied as below:— 

On the 27th of February, 1880, out of 134 vol. of gas, 3°5 
vol. of residuum, which we may ‘admit to be nitr ogen (say 
0:9739 of oxygen and 0:0261 of nitrogen). After having made 
the determinations with this gas, a fresh analysis, made on the 
drd of March, yielded out of 121 vol., a residue of 3-4 vol. 
(say 0°972 of oxygen and 0:028 of nitrogen). 

It is to be noted that, between the two series of experi- 
ments, a fresh quantity of gas was passed into the tube. It 
may be admitted that we had an average of 0°973 of oxygen 
and 0°027 of nitrogen. The following numbers were ob- 
tained :— 
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Oxygen, 0°9730+0°027 Nitrogen. 


Average | Average Dei | HIRES Corrected| Mean 
. observed : 5 
Series. tempera- pressure, |(1+-az)760 | magnetic | devia- 
Sh = | andvcor : 
ture, Z. jek rotations. | tions. 


| rections. 


WHITE LiguT.—3rd image (7 passages). 


és millim. tea 
eb. 28, 1S80H 20 1975 0-995 8°55, 
Corr. 3°79 473 3-9 
Diff. 4°76 
March 3, 1880.) 24°5 810°3 1-022 8:12 
Corr. 3 79 4-42 2-9 
Diff. 4°33 
YELLOW LIGHT.—8rd image. 
Feb. 28, 1880.! 24-0 831-0 0-996 8:58!) 
Corr. 3°79 4-77 2:3 
Diff. 4:79 
RED LIGHT.--3rd image. 
March 3, 1880.} 19:2 796°9 1-022 869 
Corr. 3°19 5:62 2:3 
Diff. 5°50 
3 re 22°8 807°5 1023 8:14) 
Corr. 3°19) : 
| L 5:04 2-7 
Diff. 4:93 | 
> x 29°7 819-0 1-029 8°39 
Corr. 3:19 5:34 23 
Diff. 5-20; 
GREEN LIGHT.-—Srd image. 
Feb. 28, 1880.| | 25°3 834-0 0995 9°65 
Corr. 4°85 i = 
| ari 25 
Diff. 4-80) 
March 3, 1880.) 33:0 830°7 1-025 10°63} ) 
Corr. 485 5-92 3-9 
Diff. 5-78 
ie. a! DA] 807°8 1-026 8-83 | 
Corr. 4°85) | 4-08 1-2 
Diff. 3-98 | 
a 3 34:8 8336 1-028 10-05 
Corr. 4:85 5-34 1-2 
| 5:20 


The average of all the observations made March 3rd on the 
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third image, by alternating the measurements relative to the 
red rays and to the green rays, produced :— 


Third image. 
Boe Geen 
PORATION siewcaaes 8°55 9°61 
Correction ......s0.2 3°19 4°85 
Difference... 5°34 4°76 


These numbers will be discussed later. From the begin- 
ning of the experiments the series relative to the oxygen pre- 
sented anomalies upon which I shall dwell presently. I also 
made a further series of observations with this gas, some at 
the beginning of the experiments in 1879, others at the end 
of January 1880, and, finally, the determinations which I 
have just recorded. 

The latter correspond to a purer gaseous mixture than the 
previous series. I judged it useless to reproduce the numbers 
relative to the former series; they, however, completely con- 
firmed those just given. 3 

Nitrogen.—The nitrogen was prepared by passing air very 
slowly through two tubes, 0°50 metre long, filled with copper 
turnings, heated to a red heat in porcelain tubes. The gas was 
received in a large gasometer, and afterwards made to pass, 
after drying, into the tube previously full of air. 

The gaseous mixture was analyzed by means of cold phos- 
phorus; and out of 150 vol. of gas a residuum of 1386°5 was 
produced. The following are the results obtained:— 


Nitrogen, 0:91 +0°090 Oxygen. 


; Numbers 
Average | Average |Correction, LaMATAN Correctec| Mean 


Series. tempera- |pressure, |(1 +a7)760 magnetic | devia- 
H. 


and cor- : : 
ture, 7. rotations.| tions. 


H rections. 


WHITE LIGHT.—4th image (9 passages). 


i millim. ; 
Jan. 16, 1880.| 20-0 762°6 1:069 11-00 - 
Corr. 4°58 6-86 2-6 
Diff. 6°42 


The numbers obtained for air and oxygen ought to enable 
us to find the number relative to the nitrogen. By correcting 
the number above obtained by the 0:09 vol. of oxygen which 
it contains, we obtain for the pure nitrogen the number 6°95. 

Let us now calculate the rotation of the nitrogen by means 
of those of the air and oxygen. Let us take, for example, the 
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numbers relating to the third white image. We have:— 


Air, 0°208 0+0°792-N......... 5:14 
O:208_oxyG@ens.....0.+--0002 0:95 

whence | 
TO ZEN eran. scedete sree seater 4°19 
and IN (Grd tmage)y 2.22. 222 5°29 
N (4th image) ......sccs0. 6°80 


This number agrees sufficiently well with the direct determi-: 
nations; for we cannot count on a greater precision. 

Nitrogen Monoxide.—Nitrogen monoxide was prepared by 
the decomposition of ammonium nitrate, and collected over 
water saturated with this gas. It was subsequently passed into 
the tube, which was then full of a mixture of 0°70 of oxygen 
and 0°30 of nitrogen. 

The gas was analyzed by absorbing | it by water; in this ana- 
lysis account must be taken of the air dissolved in the water, 
and which is evolved on the solution of the gas which is more 
soluble. In this way we obtained for the mixture :— 


Nitrogen monoxide ..........+. 0-691 
Watwo meine. SPURS. ateseses O-219 
Oneonta Ssh cacsner suse: 0-090 


Cold phosphorus was employed for the analysis of the mix- 
ture not absorbed by the water. 

The gas, as we see, was very impure; and this disadvantage 
must be attributed to the air dissolved in the water of the 
gasometer, and which was evolved, either by a partial vacuum 
being produced in the upper part of the gasometer, or by the 
solution of nitrogen monoxide in the water. 

The following numbers were obtained for the preceding 
mixture :— 


eee Numbers Corrected | Mean 


(1+-at)7 (60. eas magnetic | devia- 


and cor rotations.| tions 
rections. 7 : 


Average | Average 
Series. tempera-| pressure, 
ture, Z. H. 


W3iITE LicHt.—4th image, 


¢ millim. , 

Jan, 30, 1880.) 23:0 7720 1-067 yi 10 
nae 1336 | 17 
Diff. 12°52 

GREEN LIGHT.—4th image. 

Jan. 30, 1880.| 26°9 7740 1-067 21°12) 
soe 1599 | 4-2 
Diff. 14:99, 


on Magnetic Rotatory Polarization in Gases. 415 


The rotations which would be given by protoxide in a pure 
state can be deduced from the preceding numbers; in fact, we 
have for the fourth image (white light):— 


MM GUTOs i. 5 cacacescicceeetea 13°36 

0-219 N 14-5 f 

Pag nee” Gast eH 2-04 
whence OG OIENE OH digo ag 11°32 


From this is deduced:— 
N, O (4th white image)... 16738 
The same calculation can be made for the green light ; 
indeed we have for the 4th image (green light) :— 


Wie EN sees ccictics secls ae 15:99 
0:219 N 1/88 
0:99 O 0:53 eccoce 2 Al 
OIGSIMIN, OCs seucncs cece 13°58 
- whence N,O (4th green image) 19°61 


Carbonic Acid.—The carbon dioxide was prepared by the 
action of hydrochloric acid on white marble. A current of 
this gas, previously dried, was passed for a very long time into 
the tube, which contained at the time the mixture of nitrogen 
monoxide, oxygen, and nitrogen above mentioned. 

This gas was analyzed by absorbing it by water; and out of 
154 vol. of gas I found a residuum of 3 vol. (say 0:0195 of 
impurities and 0°9805 of carbonic acid). This gas may be 
considered pure; and the numbers obtained can only admit 
an inappreciable correction; for it happens that the carbonic 
acid has very nearly the same magnetic rotatory power as the 
mixture which constitutes the 0:019 ofimpurities. The results 
obtained are given in the following table:— 


Numbers 
observed 
and cor- 
rections. 


Corrected! Mean 
magnetic} devia- 
rotations.| tions. 


Average | Average |Correction, 
Series. tempera-| pressure,|(1-+- a7) 760 
ture, 7. Ee 


White ticut.—4th image. 


5) millim. F 

Feb. 6, 1880. 17:5 | 8084 | 1-000 16-90 
Con zal 13a | 27 | 
Diff. 12:32 | | 
GREEN Licut.—4th image. | 

Feb. 6, 1880.) 20:0 | 8158 | 1-000 21°50) 
oral 15:37 | 26 | 
Diff. 15°37) | 


212 
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Sulphurous Acid.—This gas was prepared by the volatiliza- 
tion of liquefied anhydrous sulphurous acid, for which I am 
indebted to the kindness of M. Raoul Pictet. The gas thus 
obtained was perfectly dry. It was introduced into the tube 
which contained dry air. 

In order to analyze this gas, it was, on issuing from the 
tube, received in small glass tubes which were hermetically 
closed; subsequently one of the ends of these tubes was broken 
over boiled water containing potash, and the gas was analyzed 
by absorption. By exactly gauging the volume of the small 
tube as well as the volume of the gaseous residuum not ab- 
sorbed by the potash, it was ascertained that the mixture 
enclosed in the tube contained 0°984 of sulphurous acid and 


0-016 of air. With this gas the following numbers were 
obtained :— 


Sulphurous acid, 0°984 SO?+0:016 Air. phe 2 
Average | Average Correction, ee | Corrected} Mean 
Series. tempera- | pressure, |(1 + a¢)76( 60 | ey | magnetic | devia- 
ture, 7. | HL. be ArT | 


| Neer ata) ee tions. 


Waite Licut.—4th image (9 passages). 


millim. 


July 24,1880) 25:0 | 8196 | 1-012 32-12 
ont) at 33 
Diff. 27:54) 
ote 875 | 8543 | 1-012 34-80 ) 
Corr. 4:58 | 30:58 2-4 
Diff. 30°22) 
ord image. 
a nf 35'0 847-2 1012 23°98 
— 20:43 | 23 
Diff. 20- i 
RED LIGHT.—drd image. 
ee. 39:0 | 85815] 1-012 29°14! 
Corr. 3° | 19-17 23 
Diff. 18-95 
2nd image. 
ae 448 | 8750] 1-012 16:23 
Corr. 28) 0 | 14-04 19 
Dial: al 


eet jae? | ila 


on Magnetic Rotatory Polarization in Gases. 417 


Table (continued). 


Average | Average |Correction, Noun Corrected | Mean 

Series. tempera-| pressure. |(1-+-a7)760 magnetic | devia- 
we Bt 2, || eucl Coe i 

ture, 7. H. H rte rotations.| tions. 


GREEN LigHT.— 4th image. 


A millim. : 
July 24,1880.) 34°8 845-9 1-012 42°41 
Corr. 6:13 | 36-71 3-] 
Diff. 36°28 
: ord image. 
ns ” 30°0 847°2 1:012 34:07| 
Corr. 4°85 99:51 4-0 
Diff. 29:22 
BuveE tieut.—Ilst image. 
¥ * 41-7 8643 1-012 17°75 
Corr. 2°58 15°34 16 
Diff. 15-17 


By taking into account the 0:016 of air in the gaseous mix- 
ture, we may calculate by means of the preceding numbers 
the rotations that we should have with the gas absolutely pure. 
We should find thus:— 


Ath white image ......... 29-90 
Ath green image ........ am aly) 


Olefiant Gas.—A preliminary series of experiments per- 
formed upon a mixture of 0°72 of olefiant gas and 0°27 of 
carbonic acid, proved that this body was endowed with a rela- 
tively great magnetic rotatory power; and we took extreme 
precautions to obtain in the tube gas in its purest possible 
condition. More than 300 litres of olefiant gas were passed 
into the tube. This gas was prepared by the action of sul- 
phuric acid on alcohol, purified from ether by passing through 
sulphuric acid, and from the sulphurous acid (which was pro- 
duced in rather large quantities) by passing through potash. 
By remaining in the gasometer the gas became completely 
freed from the small quantity of sulphurous acid which might 
remain; but it was always mixed with a little air. 

‘he mixture was analyzed by passing a known volume of 
the gas into a small graduated tube and then introducing 
chlorine, bubble by bubble, so as to form ethylene chloride; 
the excess of the chlorine was subsequently absorbed by potash. 
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In this analysis account must be taken of a small quantity 
of air that may be introduced by the chlorine, as well as of the 
air which is evolved from the liquid by absorbing the chlorine 
through the potash. 

From careful experiments I found, before commencing 
the first series recorded below, that the gas contained 0-044 
of air. In the interval between the first and second series, 
the tube being very hot, a little gas was lost by the closing of 
the glasses. At the end of the second series two closely 
agreeing analyses gave 0-061 of impurities. It may be assumed 
that we had on an average a mixture containing 0°95 of olefiant 
gas and 0°05 of air. 

A great number of measurements for the different images 
and colours were made with this body, because the rotations, 
relatively great, were to serve as verification of our experi- 
mental method. 

A direct determination made with the yellow light of soda 
gave, for the first image, a number very close to those which 
would be deduced from the rotation obtained with the fourth 
white image. There is no use in giving this number, because, 
on account of the feeble intensity of the light, it was not pos- 
sible to ensure the same precision as in the case of the other 
measurements. . 

We subjoin the results of our measurements with olefiant gas. 


Olefiant Gas, 0°95 C, H,+0:05 Air. 


Vi 
Average | Average |Correction, pees Corrected| Mean 
Series. tempera-| pressure, (1 + a¢)760 i eae magnetic | devia- 
ture, 7. i, ; eer eee rotations.| tions. 
ai 


WHITE LiGuT.—4th image (9 passages). 
3 millim. i 
Feb. 17, 1880.) 193 | 8045 | 1-012 i 


i 1 


Corr. 4:58) 3101 2.0 


pieane 


Feb. 20, 1880.| 23:0 | 7762 | 1-061 3436 | 


Diff. 29°78! 


ord image (7 passages). 


(979 1-064 27°86 
oye 379 25-61 


Diff. 24-07 


32:0 
2°3 
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Table (continued). 


Average | Average |Correction, 
tempera-|pressure, |(1 +-a7)760 60 
ture, ¢. ie Hench 


Series. 


Numbers 
observed 
and cor- 
rections. 


2nd image (7 passages). 


millim. 


Feb. 20, 1880.1 33:0 | 7979 | 1-064 


20-49 
Corr. 2°86 


Diff. 17-63 


Ist image (3 passages). 


= os 30°6 805°7 1:065 


12:94 
Corr. 1°82 


Diff. 10°42 


YELLOW LicuT (yellow glass).—4th im 


. 29:°7 7832 1-075 
3rd image. 
i 3 32°0 7876 1-078 


35:23 
Corr, 4°58 


30°65 


28:30 
Corr. 3°79 


Diff. 24°51 


419 


Corrected | Mean 


magnetic 


rotations. 


18:82 


11:10 


26°42 


Yer iow ticut (yellow glass).—2nd image. 


» » 34:0 7878 1-080 
Ist image. 
9 9 36°0 195°2 1:082 


18°53 
Corr. 2°80 


Diff. 15°78 


10°74 
Corr. 1:82 


Diff. 8:92 


16°99 


9°65 


Rep uicut (red glass No. 2).—3rd image. 


Feb. 17,1880.) 35:0 847°6 1012 

Feb. 20, 1880.; 39:5 801°7 1-085 
2nd image. 

+ 50 39°5 801:7 1-085 


24-78 


Corr. 3:19. 


Diff, 21:59 
23-53 
Cormes19 


Diff, 20:34 


15°53 
Corr. 2°35 


Diff.13-18 


21:85 


devia- 
tions. 


0-9 


53 


33 


Lee 


33 


4-6 


1-4 
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Table (continued). 


Numbers 
Average | Average |Correction, | () ved 
Series.  |tempera- |pressure, (1+-at)760 and cor. | Magnetic 
ture, 7. je H ; rotations. 
rections. 
Ist image. 
3 millim. i 
Feb. 20,1880} 39°5 801-7 1-085 9°88 
Corr. 1:51 9-08 
| Diff. 8°37 | 
lst image (red glass No. 1, deeper red). 
x 3 39'5 801°7 1-085 9°30 
Corr. 1:50 8-46 
Diff. 7-80 
GREEN LIGHT.—4th image. 
Feb. 17, 1880.| 24-4 819-2 1-012 44-72 
Diff. 38-59) | 
ord image. 
4) s 32°2 839°5 1-012 34:12 
Corr. 4°85 29-62 
Diff. 29-27| 
2nd image. 
Feb. 20, 1880.| 41:4 803°7 1-089 24°61 
Corr. 3°47 93-09 
Diff. 21-14 
Ist image. 
3 9 405 800°8 1-090 12-99 
Corr. 2°22 jun 
Diff. 10°77 
BLvE LIGHT.—2nd image. 
Feb. 17, 1880.| 40-9 849-5 1-012 25°64} | 
s 40°9 849°5 1-012 25°53} f 


Feb. 20, 1880. 


Correction of 
the glasses 


uncertain, 
Ist image. 
42°3 793:4 1:100 1514! 
Corr. 2°58 | 13-90 


Diff. 1256 


Corrected| Mean 
devia- 
tions. 


0-9 


75 


4:5 


29 


Oren 
Ee CO 
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The slight correction due to the presence of 0:05 of air can 
be calculated with great precision. For example, we have for 
the fourth image— 


Ath image. 
(ae a's =) 
White. Green. 
1\4 TESS a0 ES ae meee erp Rn ES 31-28 39-05 
WO OCOt- All. <stasee here eee ees 0-32 0:38 
Difference = 0°95 olefiant gas 30°96 38:67 
ure oleflanteG@asl.i.. +a... uses 32°59 40:70 


DISCUSSION OF THE RESULTS OBTAINED. 


I. Verifications of the Method of Observation. 


The principle of the method employed by me in this work 
consisted, as we have seen above, in amplifying the pheno- 
menon by causing the luminous rays to pass several times 
through the tube full of gas. It is evident that the numbers 
obtained for each reflected image must be proportionate to the 
number of passages made by the luminous rays through the 
apparatus. These numbers should therefore mutually test 
each other; and by dividing them by 3, 5, 7, and 9 we ought 
to obtain numbers which would represent the magnetic rota- 
tion corresponding to a single passage through the tube. 
With the same luminous source and the same coloured screen 
these numbers should be constant; but we have seen above 
that the composition of the light which reaches the eye in 
order to form the different images varies with them; we 
ought, then, to find numbers regularly varying with the order 
of the images. 

Strictly speaking, all the measurements ought to be effected 
at the distance which separates the mirrors; and when any 
other gas than air is in question, the column studied has not 
exactly ihe same length as the distance from the mirrors. But 
we have seen that, in the interval of 0°06 metre which sepa- 
rates the end of the tube from the mirrors, the magnetic in- 
tensity is very feeble ; and the effect due to this slight differ- 
ence in length must be regarded as absolutely unimportant, 
so that the verifying calculations can be applied even when 
the tube is full of any gas whatever. The slight differences 
between numbers which, for the same gas, correspond to a 
single passage of a pencil of rays of the same colour, are partly 
due to variations in the colour of the images, rather than to 
errors in the measurements. 
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Almost the same results are obtained as with the glasses 
placed inside the first coil, especially with the white light. 
For example, if the rotations are compared with that which is 
deduced from the fourth image, we shall find that the rota- 
tions for a single passage of the white light are expressed by 
the following numbers :— 

_ 4th _ ord _ and _ Ist 
image. image. image. image. 

Olefiant gas" =. 1 1-054 1:083 1-066 

St.-Gobain glass . 1 1:046 1:058 1-061 


We see, then, that the divergences obtained between num- 
bers which should be constant are partly due to the same cause 
—that is, to the difference in the colour of the various images. 

If this is the case, the successive images with the white 
light ought to become more and more yellow, and the rota- 
tions should diminish from the first to the fourth. For the 
green light, on the contrary, the first image ought to be more 
yellow than the others, and the corresponding rotation more 
feeble. We find, in point of fact, that this deduction is con- 
firmed by experiment. The absorption of the luminous rays 
by the coloured screens renders observations on the third and — 
fourth images very difficult. It is necessary to increase the 
pressure of the oxygen from the blowpipe: the temperature 
of the line rises; but as the brilliancy increases it becomes 
more and more variable for very slight differences in tempe- 
rature. 

The want of regularity in the value of numbers deduced 
from the different images apprises us of these variations ; 
nevertheless by taking the average of the numbers obtained, 
we see that we have results comparable with those deduced 
from observations made for the same colours with the carbon 


bisulphide. 


II. Dispersion of the Planes of Polarization of Luminous Rays 
having different Wave-lengths. | 

The study of the phenomena of magnetic rotatory polariza- 
tion in bodies comprises two parts:— 

1st. The relative measurements of the rotations of the planes 
of luminous rays having different wave-lengths and traversing 
the same substance. 

2nd. The comparison of the magnetic rotatory powers of 
various bodies for rays having the same wave-length. 

I have demonstrated in the course of this memoir that the 
want of homogeneity in the luminous source compelled me to 
begin with the first of these studies—that is to say, to deter- 
mine the relation of the rotations of the planes of polarization 
of rays of different colours. 
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It has been shown that the luminous rays studied had not 
in each case the same wave-length, but that their average 
wave-length could be deduced from the magnetic rotation of 
the carbon bisulphide. : 

As the phenomenon has been exhaustively studied with 
regard to liquid bodies, such as carbon bisulphide, we can 
limit ourselves to comparing the relations of the magnetic 
rotations for the same colours with this body and with the 
different gases studied. The St.-Gobain glass, which has 
been made the object of special determinations in this memoir, 
can also serve for comparison. 

By taking the average of the results obtained with each of 
the coloured screens employed, the results indicated in the 
following table were obtained; the unit to which the rotations 
for each substance were referred was the rotation obtained 
with the yellow light D, or the rotation deduced from the 
fourth white image. 


Dispersion of the Planes of Polarization of Rays of different 
Wavye-lengths. 


Magnetic rotations. 


Bodies. 


Yellow D, 
Red. |4th white} White. | Green. | Blue. 
image 

Carbon bisulphide (liquid), 0-836 1-000 1-066 1-290 1-480 
St.-Gobain glass ............ 0:845 1:000 1:055 1-290 1:51 
= Ea 0-850 | 1-000 | 1-060 | 1250 | 1390 
CG fEE0) spugegsocucodeoog0e 90Ke 
Atmospheric air ....++...... ORO CLO eee 1-250 1:39 
MNIEOSEMY Bence nececeasenvis| woes 1-000 
WT DOMICHACIGS 30. oeecsedca| theese EOOOMIRS aes 1:246 
INTEVOUSYOXIGCE <sesesieceawssesly irccwes LOO ITs 2a. L197 
Sulphurous acid ............ 0°853 TP O00 Fie. ee. 1:256 
Oletiamt Gas o.....-..heecse ese 0849 1-000 1-066 1:235 1-33 


We see, first of all, that the statements of the rotations for two 
self-colours are nearly the same for liquids, gases, and solids. 
Oxygen, to which we shall return later, must be excepted. 
Tf the numbers contained in the summary (pp. 422, 423) be 
compared with those which were obtained by the glasses of 
the tube, it will be found that the numbers relative to the 
glasses of the tube are very nearly ten times those obtained 
for the air, and that in the two tables the same figures are 
sometimes reproduced for the same colours. I would again 
refer to the comparison made between the numbers obtained 
with the different white images. 

These considerations enable us to see that the precision of 
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the measurements can be carried very far, since it enables 
the variations in coloration of the successive images to be 
followed with gases as well as with a mass of glass. The 
average wave-length of the luminous pencil can then be ap- 
proximately determined in each case and compared with the 
rotations obtained. The most simple means consists in making 
a graphical representation. | 

If the numbers inversely proportional to the squares of the 
wave-lengths distinguishing each image be taken as the 
abscissee, and the magnetic rotations observed for the ordi- 
nates, we see that the typical points of the determinations 
relative to the same substance approach very closely to a right 
angle passing by the origin of the coordinates, which proves 
that the rotations are very nearly in the inverse ratio of the 
square of the wave-lengths, as may be verified by reference 
to the preceding table. 

The numbers produced by the different images with different 
colours may each serve for the determination of an average 
right angle which, within the limits of the observations, repre- 
sents the phenomenon with sufficient precision. 

Briefly summarizing, we see that, for five of the gases 
studied, the magnetic rotation of the planes of polarization of 
luminous rays having different wave-lengths is very nearly in 
the inverse ratio of the squares of the wave-lengths of these 
rays. The slight value of the rotations observed did not 
allow me to ascertain whether these gases, like solids and 
liquids, diverge a little from this simple law in proportion as 
the rays become more refrangible. 

The nitrous oxide gives a rather less deviation than the 
other gases. We may remark that, in order to make the 
numbers agree with those given by the other bodies, it would 
suffice to multiply the results by 1:05; and as this ratio 1:05 
is exactly the ratio of the rays of white light to the rays of 
yellow light, we may conclude that the inequality is due to 
an increase of brillianey in the luminous source at the moment 
of the experiment with the white light. This explanation 
appeared to me to be admissible ; but if such were not the 
cause of the divergence observed, we may associate this fact 
with that presented by oxygen, and which I will now discuss. 

Oxygen showed a remarkable anomaly. Previously, while 
studying the magnetic rotatory powers of various bodies with 
the yellow light, I had discovered that the presence of oxygen 
in a combination tended to diminish the rotatory power of the 
compound. I now find that gaseous oxygen has a feeble posi- 
tive magnetic rotatory power, and that, in addition, it does not 
disperse the planes of polarization of rays of different colours 
as the other gasesdo. The numbers which relate to this body 
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are very small, and the precision of the observations is much 
less than for the other gases. It is noticeable that this want 
of precision was characteristic of the experiments made with 
oxygen—although I always took the measurements with the 
“same care, and although I studied this gas several times at 
different periods during our series of experiments. If the 
numbers found directly for the various colours be not cor- 
rected by the rotation of the glasses, it will be seen that they 
are very nearly equal to each other. In order to prove this 
fact, I took the precaution of making a large number of series, 
operating alternately with red and green rays; and I always 
found that the rotations were essentially the same. 

Now, as the magnetic rotation due to the glasses is greater 
for the green rays than for the red rays, we should conclude 
from this that the oxygen would deflect the plane of polariza- 
tion of the green rays less than that of the red rays, in oppo- 
sition to the other gases studied up to this time. This body 
presents, then, a most curious exception; and it would be very 
important to establish this fact irrefragably. The numbers 
that I obtained do not as yet allow of it; but I anticipate soon 
being able to complete the first experiments required to do so. 

However, it is easy to see that oxygen, if it does not pre- 
sent an inverse magnetic rotatory dispersion, would have at 
least a dispersion which is very nearly nil. The present ex- 
periments do not allow us to decide whether the rotations 
slightly augment or decrease with the refrangibility. 

It is not uninteresting to consider the exceptional pheno- 
menon of the magnetic properties of oxygen. 

I have shown in previous researches that very magnetic 
bodies endowed with a negative magnetic rotatory power dis- 
perse the planes of polarization of light according to a differ- 
ent law from that which governs positive rotations. The 
ratios of the negative rotations are obviously the squares of the 
ratios which correspond to the positive magnetic rotations for 
the same luminous rays. 

Now, it is extremely interesting to remark that the excep- 
tion relative to oxygen coincides with the special magnetic 
properties of this gas. At present we cannot demonstrate 
that the coincidence which the two phenomena appear to show 
connects them one with the other. By referring to my former 
researches, it will be seen that it is possible to conceive the 
existence of a mixture of two substances, the one magnetic 
and the other diamagnetic, which would give rise to the same 
phenomenon as oxygen. This, however, is pure hypothesis; 
but it is interesting to consider it, especially when it relates 
to a body so singular as oxygen, which, on the one hand, is 
endowed with exceptional magnetic properties, and, on the 
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other, gives rise to the very peculiar modification known as 
ozone. However, I propose to investigate more fully the 
cause of the anomaly just noticed. 


III. Magnetic Rotations of Gases compared with Carbon Bisul- 
pide for the Yellow Rays of Soda. 

The relation above established between the magnetic rota- 
tions of the planes of polarization of rays of different colours 
and the wave-length of the corresponding light, enables us to 
determine the magnetic rotation relative to the yellow light of 
soda which corresponds to the rays D in the solar spectrum. 
In order to effect this determination, use may be made of all 
the numbers obtained for the aifferent colours, either by means 
of graphical representation, or by dividing each of them by the 
inverse ratio of the squares of the wave-lengths. In this way 
the following results have been obtained for the different gases 
(oxygen, which has already been considered, is excluded from 
the following table) :— 


Rotations for the Yellow Light D, deduced from Observations 
with Rays of different Colours. 


Atmospheric Air. 
Colour of the rays. eles. Mean. evr 
ively SS Soenseo 0:73 
Yellow rays ......+.- 0:72 f 
ai ee 0-70 wae 70 
GTEON gern yeisciceseet 0-72 
Nitrogen. 

White rays ......... 0°729 

Carbonic Acid. 
White rays ..-...+.. eae 
CRECEM 55. cecsceass 1°36 ees T30 

Nitrous Oxide. 
White rays ......... 1°82 j 
(ECCT Gitya fe <2 eles 1:74 Us 70 

| Sulphurous Acid. 
ed fays | os.+-+--- 3°302 
Yellow rays ......... 3°288 3°300 shy 
GREE Degrtee sospnadse 3°306 
Olefiant Gas. 

Red rays —seereaeee 3°626 
Yellow rays ......+6. 3°621 
Ube a. efi dese? shen 3-636 3°625 360 


Green... pj ibauesesse 3°616 
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These numbers correspond to a single passage of the lumi- 
nous rays through the tube ; we see with what precision they 
mutually test each other. By dividing these numbers by the 
rotation obtained for carbon bisulphide under the same condi- 
tions, and which was found to be equal to 4520’, the following 
table is obtained: — 


Magnetic Rotations of Gases compared with liquid Carbon 
Bisulphide (yellow light D). 


| G Rotation for one Rotations com- 
as. 


ared with carbon 
Bees bisulphide. 
Oey eT. oie. he eet or 0:663 0000146 
LES» SSR red eee err ae 0-720 0:000159 
INTROS CM: lo.lee soateenee ees 0°729 0:000161 
CALWONIC Acid |, 4.6.00: 1365 0:000302 
Miierous OxIde 62..4-..ahaoes 1-780 0:000393 
Sulphurous acid ............ 3300 0:000730 
Olefiant Gas oe. is.c. eects 3°625 0:000802 


In the course of the experiments an occasion offered of ver1- 
fying the preceding numbers. 
- We have seen how the determination of the magnetic rota- 
tion of the glasses in the tube inside the first coil was effected. 
This rotation may be compared with that of the gases. Now 
it happens that for air the comparison is immediate ; the rota- 
tion of the glasses (say 1 centim. of crown glass) is equal 
to ten times the rotation of 3 metres of air (say to 3000 cen- 
tim. of air submitted to the same magnetic influence). The 
relation of the rotations is then 


Tie: 
300 = 0100033. 


Now in my former researches I found that the magnetic rota- 
tory power of crown glass for the yellow light was 0:48 of 
that of carbon bisulphide. By adopting this number, which 
is independent of our present experiments, we should find for 
the rotatory power of air 0:000153%*. 


* Since the time when I began these researches, MM. Kundt and 
Rontgen-have published numbers relative to several gases. The only 
ones common to our researches are oxygen and air. The numbers 
given by these authors in their first memoir (Wiedemann’s Annalen, 
t. vill. p. 278) are too large, because they have compared the rotations 
obtained directly with white light for gases, and with yellow light D for 
carbon bisulphide. Jor oxygen the number that I find is identical with 
that which they have given for high pressures. The agreement is, no 
doubt, owing to the fact that oxygen has no sensible rotatory dispersion, 
and that the errors which they committed respecting the refrangibility of 
light became then unnoticed. In a second memoir the same authors have 
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IV. Relation between the Magnetic Rotatory Powers of Gases 
and their Indices of Refraction. 


I have demonstrated that a remarkable relation exists be- 
tween the rotations of the planes of polarization of light tra- 
versing non-magnetic solid and liquid bodies and the indices 
of refraction of these bodies for the same luminous rays. It 
was of the greatest importance to prove whether sucha relation 
still existed in the gaseous state; and I took the opportunity of 
saying at the beginning of this memoir, that | was guided by 
these considerations in the construction of the apparatus em- 
ployed in the researches. The experiments just described 
have justified my expectations. 

When the magnetic rotations obtained for the different 
gases are compared with the indices of refraction of the latter 
for the yellow light of soda, it is seen that the rotations increase 
regularly with the indices of refraction. In the table which 
follows, I have placed opposite to the magnetic rotations of 
the gases their indices of refraction:— 


Magnetic Rotations of Gases compared with liquid Carbon 


Bisulphide. 
i. 2. 3. 4s 5. 

ee Magnetic) Indices of 

Gas. EOUALO TYG | = Vel eek hal vaste aa 

“sarang, OSRNOR See (n—1)?. ae)" 
Ne 

Ox SEN eed. 0-000146; 0-918 | 1:0002706| 0-850 0-269 
(Mascart) 

FAUT fesesck soot an Sees 0:000159, 1-000 | 1:0002936; 1-000 0:277 
(Mascart) 

Nitrogen .<..2..-- 0:000161) 1:012 | 1:0002977; 1-027 0:274 
(Mascart) 

Carbonic acid .../0°000302) 1:900 | 1-:0004544| 2-393 0:332 
(Mascart) 

Nitrous oxide .../ 0°000393) 2:471 | 1:0005159| 3-086 0°381 
(Mascart) 

Sulphurous acid...|0°000780; 4591 | 1:0006650| 5°130 0-548 

(Dulong) - 

Olefiant gas ...... 0:000802; 5:044 | 1:0006780| 5:327 0:590 

(Dulong) 


In order to make a comparison between the numbers in the 


given smaller numbers than those previously published ; and the results at 
which they arrived do not agree any better with mine. The number that 
they attribute to air (0-000127) is identical with that which I had pre- 
viously published in a work on atmospheric polarization (Annales de 
Chime et de Physique, t. xix.). I observed at the time that this num- 
ber only approximated withm two or three tenths of its value; it results 
from the present memoir that it was too little by 0:00003. 
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first column and those in the third, we may construct a curve 
by taking the indices as the abscisse and the rotations as the 
ordinates: in this way a curve of great regularity is obtained, 
whose form recalls that which we obtained under analogous 
conditions with liquid and solid bodies (fig. 5). 

By seeking a simple function of the index, which varies 
proportionately to the rotations observed, we easily see that 
the ratios of the function (n—1)’, n being the index of re- 
fraction, follow very nearly those of the magnetic rotations. 
These appear in columns 2 and 4 of the preceding table. 
However, it does not seem that this formula is the complete 
expression of the relation between the magnetic rotatory 
powers of bodies and their indices of refraction. We had 
already observed that it did not suffice for the various peculia- 
rities of the phenomenon in solids and liquids; and it is easy 
to see that it does not account for the relation of the magnetic 
rotatory powers of bodies in the liquid and gaseous conditions. 

In my previous researches, I had been led to adopt the ex- 
pression n?(n?—1) as approximately representing the state- 
ments of the magnetic rotatory powers of the various solid and 
liquid bodies that had been studied. I had discovered that 
the relation of the magnetic rotation RK to the function 
n(n?—1) varied very little when compared with the great 
variations of the magnetic rotations of one body and another. 

The unit adopted was the magnetic rotation of liquid carbon 
bisulphide; and the values of the expression aoe (gene- 
rally about 0°25) varied between 0°10 and 0°50*. These 
yalues are indicated in column 5 of the preceding table. The 
numbers obtained are the same as for various solid and liquid 
bodies. Thus, although the magnetic rotations are 10,000 
times smaller than in liquid bodies, the variations in the func- 
tion n?(n?—1) are always of the same relative order of size 
as those of the magnetic rotations. 

It ought, however, to be observed that the numbers in the 
fifth column of the preceding table increase regularly with the 
indices of refraction, which tends to prove that the formula 
n?(n?—1) is only an approximate expression of the pheno- 
menon, which answers sufliciently well for the properties of 
non-magnetic solid and liquid bodies, but which might diverge 
from experiment when the values of the index of refraction 
became very small, as in the case of gases. 

_ The variations of the expression Pip Btoh | with gases do 


n(n? —1) 


* See the researches quoted above. 
9 4 


K 2 
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not, however, exceed the limits of those which are presented by 
solid and liquid bodies ; and this study must be extended to a 
much greater number of gases before we are able to decide 
whether these variations are not simply characteristics of the 
physical and chemical constitution of gases, as we have dis- 
covered in regard to other substances. 

Some interesting remarks may be made on this subject. 
The numbers given above enable us to compare the magnetic 
rotatory powers of gaseous sulphurous acid with that which 
it possesses in a liquid state. M. de la Rive found for liquid 
sulphurous acid a magnetic rotatory power variable with the 
temperature, and which at about 12° is nearly 0°382. But 


the index of refraction of this body has not been accurately 


measured. Faraday merely says that the index is the same 
as that of water ; on this hypothesis we should find that the 


R , 
ratio GZ) is 0'277— that is to say, exactly the half of 


the number found with the gaseous body. Is this statement 
a mere conjecture, or is it the expression of a more general 
fact ?* 

An analogous result is observed on comparing with the 
number obtained for oxygen the numbers given by certain 
highly oxygenated liquids, such as nitric and sulphuric acids, 


&e. PCa) is about 0-11 for these bodies, while it is 0°27 
with gaseous oxygen. Finally, we may connect with these 
facts an observation relative to various salts (chloride of so- 
dium and chloride of potassium) endowed with a positive 
rotatory power. ‘Their magnetic rotatory power is less in a 
crystalline condition than in solution. 

These various remarks would then tend to show that the 
positive rotatory power of a body is so much the greater in 
relation to its index of refraction as the particles of the bodies 
are further apart, and that it increases on passing from a liquid 
to a gaseous state. 

This question requires a special study, which could not form 
part of the present work, but to which I intend to return at 
some future time. If we are not absolutely authorized to 
assert that the function n?(n?—1) plays the same role for the 
magnetic rotations of gases as for other substances, this re- 


* In a recent article (Journal de Physique, August 1880) M. E. Bichat 
has studied sulphurous acid, both liquid and gaseous. He found for the 
magnetic rotation of the liquid a number very near to that of M. de la 
Rive; for the index of refraction of the same body he gives the number 
1:34; but the magnetic rotatory power that he attributes to the gas dif- 
fers very much from that deduced from my experiments, 
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markable fact is nevertheless established,—that the magnetic 
rotatory powers of bodies are closely connected with their 
index of refraction n, and that the variations of the function 
n(n? —1) are of the same order and magnitude as those of the 
magnetic rotations of bodies in the solid, liquid, and gaseous 
conditions, 

In concluding this memoir, I think it necessary to lay stress 

22 
on the theoretical interpretation of the formula gle by 
which, according to these researches, seems to intervene in 
the expression OL the magnetic rotatory power of bodies. It 
n-—] 

r\?? 
() 
sents the wave-length of the luminous vibratory movement 
inside the body studied. The rotation of the plane of polari- 
zation of the light would be therefore in the inverse ratio of 
the square of this wave-length, and would be proportionate to 
the expression n’—1, which, according to the theoretical views 
of Fresnel and the experiments of M. Fizeau, measures the 
partial influence of the undulatory movement of a body on the 
luminous waves. 

It is interesting to note that experiment leads to this same 
expression to measure the action of magnetism on the propa- 
gation of luminous vibrations through bodies, thus establishing 
a new relation between a mechanical effect and the effects of 
electromagnetic influence. Perhaps this influence of lumi- 
nous waves on the vibratory movement so well studied is of a 
kind to inform us as to the mode of motion which manifests 
itself to us under the form of electricity and magnetism. 


can be written under this form the denominator repre- 


CONCLUSION. 


The results established in this memoir are as follows:— 

1st. Bodies in a gaseous condition possess, like solid and 
liquid substances, the property of deflecting the plane of po- 
larization of luminous rays passing through them when they 
are submitted to the influence of magnetism. 

2nd. The magnetic rotations of the planes of polarization 
of rays of different wave-lengths traversing the same gas 
(oxygen excepted) are generally very nearly in the inverse 
ratio of the squares of the wave-lengths of the luminous rays 
considered. 3 

ord. The magnetic rotatory powers of gases can be compared 
with that of liquid carbon bisulphide, and consequently with 
those of other solid and liquid bodies. 
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We have discovered in gaseous bodies, as it had been for- 
merly observed for other substances, a remarkable relation 
between the indices of refraction and the magnetic rotatory 
power of rays having the same wave-length. 

4th. Finally, oxygen presents an anomaly which seems 
connected with the exceptional magnetic properties of this gas. 


LII. On the Beats of Mistuned Consonances. 
To the Editors of the Philosophical Magazine and Journal. 


GENTLEMEN, | 

ie your November number, in a paper by Professor 8. P. 
Thompson on Binaural Audition, there occur some refer- 
ences to my recent work. While it is gratifying that the 
work should have attracted Prof. Thompson’s attention, it is 
rather disheartening to find that he has failed for the most 
part to grasp its purport. Iam obliged to him for his remarks, 
as, if he has failed to understand it, I dare say a good many 
other people will have done the same; and it affords me the 
opportunity of putting two or three points in a clear light. I 
will take the passages I have to observe upon in order. 

Page 352. Halfway down, the word subjective is underlined 
and a note appended. In the note there is first an objection 
to my use of the word. I have never believed much in the 
advancement of clearness by the employment of words very 
strictly defined. In speaking of any particular matter, it 
seems to me generally necessary and sufficient to give such 
descriptions as shall leave no doubt of the meaning. This I 
have amply done. Over and over again I have described the 
subjective phenomena as being such as originate within the 
ear itself. Whether this is the strictly philosophical sense is 
to me immaterial. I took the use of the word from Helmholtz 
(Hillis’s ‘ Helmholtz,’ p. 234, foot of page; 4th German edi- 
tion, p. 259, top of page). I think it is there used in the 
sense in which J use it*. I may put the matter otherwise 
thus:—In a binary combination asin A+dsin B I find the 
term lower in pitch (asin A) subject to a variation of the co- 
efficient a. Does this variation arise before or after the arrival 
of the combination at the gates of the ear? if before, I call 
the variation objective ; if after, subjective. I will not repeat 
the argument from resonators ; it is sufficiently stated in my 
paper. 

Prof. Thompson then makes an objection which precisely 


* Viz. as opposed to the objective origin of combination-tones in in- 
struments described a little further on. 
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misses the whole point of my paper. He objects—the 
beats are objective; they can be seen in a manometric flame 
if the primary tones are sufficiently loud”? &c. That is to say, 
my exposition of the existence in air of the Smith’s beats, or 
variations of resultant displacements, and demonstration by 
difference of properties that they are not the same as the beats 
we hear, is all thrown away. 

To take a simple case: suppose the two notes are represented 
by a(sin A+ sin B). Then the Smith’s beats, which you can 
see in the manometric flame, are given by 


A+B. A—B. 
ele Sk tg 


° e ° A 
which we may regard as a harmonic curve sin 


2asin 


with a 
That is to say, as I have 


=15 
2 
pointed out in my paper, the pitch of the note which varies to 
make these beats is about halfway between the pitches of the 
primaries; whereas, in the beats we actually hear, the pitch 
of the note which varies is very nearly that of the lower pri- 
mary note itself. Further, the very existence of the resultant 
beats depends on the maintenance of the unvaried primaries ; 
whereas the beats we hear consist of variations of one of the 
primaries. This and the argument from resonators are entirely 
distinct ; they converge on the same result. 

The rest of the note I need not answer ; it appears to de- 
pend on the use of the word “ subjective,” about which I do 
not care. Iam only solicitous about certain questions of fact, 
which can be quite well stated without the use of any parti- 
cular word ; though I maintain that, in the present case, my 
use of the word subjective is amply justified by authority. 

The other point with which I have to trouble you is again on 
p. 352, just below the first. It is given as a statement in my 
paper—‘‘ (2) that the beats consist, as Kénig discovered in 
1875, of variations in the intensity of the lower of the two in- 
terfering tones.” 

This is really too bad. The whole of my work was origi- 
ginated by the fact that Konig never analyzed his beats, and 
never enunciated any opinion whatever as to the notes of 
whose variation the beats consist—except in the one case of 
the octave, which I have observed upon in my paper, where he 
says that fundamental and octave are heard alternately. The 
law above mentioned was unquestionably first obtained by me. 
I knew K6nig’s papers intimately at the time, and there was 
no vestige of guidance in them on the subject; so I object to 


varying coefficient 2a sin 
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have the credit of this law taken away by a careless sentence 
like the above. 

I do not think there is any thing I need add, except that I 
do not follow the argument by which Prof. Thompson arrives 
at the result that the beats of the lower notes are not subjec- 
tive. There seems to me to be no proof whatever of this 


result. Yours truly, 


R. H. M. BosanqueEt. 


LIII. On Wheatstone and Brewster’s Theory of Binocular 
Perspective. By W. Lz Conte STEVENS*. 


LS 1838 Sir Charles Wheatstonet announced his invention 
of the reflecting stereoscope, by means of which slightly 
dissimilar pictures of the same object could be simultaneously 
viewed in such a manner as to produce the illusion of bin- 
ocular relief. The essential object attained by using this 
instrument he expresses by sayingt, “the two pictures (or 
rather their reflected images) are placed in it at the true con- 
course of the optic axes.” ‘The apparent distance of the com- 
bined image is thus determined by the intersection of these 
axes, In a subsequent papers, published in 1852, Wheatstone 
described a number of experiments with his stereoscope, by 
which he had investigated the effect of varying the conver- 

gence of visual lines. The result he expressed by saying], 
edhe perceived magnitude of an object diminishes as the incli- 
nation of the axes becomes greater while the distance remains 
the same; and it increases, when the inclination of the axes 
remains the same while the distance diminishes.”’ In a sub- 
sequent paragraph, however, speaking of the change in appa- 
rent magnitude of the image produced by varying the optic 
angle, he says{], ‘and yet, if we attentively regard it in any 
fixed position, it is perceived to be at a different distance.” 
That Wheatstone had not given up the idea of apparent dis- 
tance expressed in his first paper, however, is shown by his 
subjoining** a table of inclinations of the optic axes which cor- 
respond to different distances; it also shows the angular posi- 
tions of the camera required to obtain binocular pictures 


* Abstract of a memoir read before the New York Academy of Sciences, 
Oct. 24, 1881. Communicated by the Author, 

a Wheatstone, “Contributions to the Physiology of Vision,’ Phil. 
Trans. eet part ii. Also reprinted in the Philosophical Magazine, April 
1852, p. 24 

a iPidem, p. 245 (1852). § Ibidem, p. 504. || Ibidem, p. 507. 

4] Ibidem, p. 508. ** Thidem, p. 512. 
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which shall appear at a given distance in the stereoscope in 
their true relief.” This table is constructed from the following 
formula* (“a denoting the distance between the two eyes, 
and @ the inclination of the optic axes ’’):— 


D=tacot thé. 


From this formula it is obvious that if the axes become 
parallel, D becomes infinite; if divergent, D becomes negative. 
Wheatstone makes no reference to the attainment of optic 
divergence ; but his stereoscope was constructed in such man- 
ner that the visual lines might be made parallel. Of the 
images thus produced he notes as a peculiarityT, “ although 
the optic axes are parallel, or nearly so, the image does not 
appear to be referred to the distance we should, from this cir- 
cumstance, suppose it to be, but it is perceived to be much 
nearer.” 

These apparently contradictory statements of Wheatstone 
show how difficult it is to interpret our sensations when the 
conditions attendant upon normal vision are disturbed. Wheat- 
stone notices the distortion of perspective produced by making 
the angle between the camera axes different from that between 
the visual lines when the stereograph is viewed{; but in this 
connexion he does not mention any apparent change in dis- 
tance of the picture as a whole. 

In 1844, Sir David Brewster published a paper§ ‘ On the 
Knowledge of Distance given by Binocular Vision,” in which 
he elaborated the idea that apparent distance is determined by 
intersection of visual lines, giving an interesting geometric 
discussion of the subject, and describing many experiments 
performed without the aid of the stereoscope. The intersec- 
tion of the visual lines he calls the binocular centre; and for 
its distance from the card on which the conjugate pictures are 
drawn he deduces a formula, the discussion of which leads to 
results identical with those deduced from Wheatstone’s for- 
mula. In his paper relating to the lenticular stereoscope||, 
and other forms of the instrument devised by him, he fre- 
quently refers to the external intersection of axes coincident 
in direction with the rays after refraction or reflection, but 
makeg no reference to divergence of visual lines. 

The theory of apparent distance of objects perceived in the 
stereoscope, to which Wheatstone, and especially Brewster, 
gave prominence, has been abundantly reproduced in our 
text-books on Physics ; indeed it is expressed either directly 


* Phil. Mag. p. 512 (1852). + Ibidem, p.514. — ft _Ibidem, p. 512. 


§ Edinburgh Hianeactens vol. xv. p. 663 (April 1844). 
| Phil. Mag. Jan. 1852, p. 16. 
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or implicitly in every explanation of the stereoscope to which 
I have had access, where a diagram is employed in tracing the 
course of rays entering the eyes. That it is misleading and 
should be abandoned, is shown by the fact that the perception 
of binocular relief and the judgment of apparent distance in 
the stereoscope are easy when conditions are such as to make 
the visual lines slightly divergent. If their intersection deter- 
mines the point of sight, this would then be behind the ob- 
server's head. In taking the pictures composing the stereo- 
graph, each point in the field of view is at the intersection of 
a pair of secondary camera axes; and thus far, but no further, 
Wheatstone’s formula is strictly applicable. No diagram can 
give more than an approximation to the truth when the pic- 
tures are viewed in the stereoscope ; and not one hitherto pub- 
lished has exhibited any provision for the possibility of optic 
divergence. I have elsewhere* shown how such a diagram 
may be constructed by application of Hering’s theory of a 
binocular eye (ai de cyclope imaginaire)t, assuming that we 
know the angle of convergence between the camera axes for 
a given point in the field of view. 

The fact that optic divergence is possible with distinct bin- 
ocular fusion of retinal images is not new. ‘The use of prisms 
for testing the rectus muscles of the eyeballs has long been 
known; and Helmholtz not only mentions the use of stereo- 
graphs for the same purpose, but observes the increase in ap- 
parent distance of the point of sight when divergence of 
visual lines is induced{. No analysis of the visual pheno- 
mena seems to have been made, however; and their important 
bearing upon the theory of stereoscopic perspective seeins to 
have escaped notice. Helmholtz says§ in regard to such illu- 
sions of sight, ‘‘ If these images are such as could not be pro- 
duced by any normal kind of observation, we judge them 
according to their nearest resemblance ;” but comparison is 
scarcely satisfactory if direct analysis is possible. 

J have examined many stereoscopes and stereographs in 
testing Brewster’s theory ||, and have found that optic diver- 
gence is often necessary; hence it is unconsciously practised 
by nearly every one who uses them. What is really requisite 
is not that the visual lines shall converge, but that the eyes 
shall receive upon corresponding retinal points the images of 


* American Journal of Science, Nov. and Dec. 1881. 

+ Hering, Bettrdge zur Physiologie; or Helmholtz, Opt. Physvologique, 
p- 777 (edit. 1867). 

{ Opt. Phys. pp. 616 & 828. 

§ ‘Popular Lectures on Scientific Subjects,’ p. 307 (tr. 1873). 

|| American Journal of Science, Noy. and Dec. 1881. 
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corresponding points on the stereograph. The relative posi- 
tions of the different parts of the externally projected binocular 
image is determined mainly by the stereoscopic displacement 
in the pair of pictures viewed. This in turn is determined 
by the degree of convergence of the camera axes ; while the 
relation between the visual lines of the observer in the stereo- 
scope may be either convergence, parallelism, or divergence. 
It is not, however, a matter of indifference which of these 
relations is assumed. Theoretically the visual lines should 
meet at an angle the same as that between the camera axes, 
when a given point is examined; practically this is rarely ever 
the case. The distance between corresponding stereograph 
points is adjusted to secure, if possible, comfort to an average 
pair of eyes in viewing the picture; and the same stereograph 
may necessitate convergence of visual lines for one observer, 
divergence for another, in order that binocular fusion be 
attained. 

In studying the effect of varying the optic angle while a 
given stereograph is examined, I have found a modification of 
Wheatstone’s reflecting stereoscope to be valuable. The arms 
were made to glide under a divided circle in such manner that, 
from a given point on either of the conjugate pictures, the angle 
of incidence at the surface of each mirror could be varied from 
O° to 60°. When its value is 45° the visual lines must be 
parallel, if the image is seen binocularly; if less than 45°, they 
must converge; if greater, they must diverge. Calling angles 
of convergence positive, I was able to vary the optic angle 
from —74° to + 80°, though clear and steady vision was not 
possible through so wide a range. Placing the conjugate 
pictures each at a fixed distance, such as 50 centim., this 
being the sum of the lengths of the incident and reflected 
rays, the apparent distance of the binocular image should be 
50 centim. when the arms of the instrument are so disposed 
as to make the optic angle about equal to 7° 20’.. The effect 
upon the combined image may then be noted for any change 
in the relation between the visual lines. 

Helmholtz * has shown that the visual lines are not coinci- 
dent with the true optic axes of the eyeballs; but since each 
is practically axial in its relation to the crystalline lens, it will 
involve no confusion to call them visual axes, while the angle, 
a, between them is still called the optic angle. If an isosceles 
triangle be constructed whose base, a, is the interocular line, 
then for the distance, D, of its vertex from either optic centre, 
we have 

D=Lacosec ha. 
* Opt. Phys. p. 93 (edit. 1867). 
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The optic vertex is simply Brewster’s “ binocular centre.” 
In normal binocular vision of near objects, the distance of the 
point of sight is sufficiently nearly given by this formula, 
while the subjective effect is that of the superposition of the 
two retinal images in a central binocular (cyclopean) eye™, 
the two visual axes being combined into a single median line, 
along which distance is estimated. These lines in turn have 
no objective existence; and their intersection really cannot 
determine any external point. Any effect due to axial con- 
vergence is merely the interpretation which experience has 
taught the observer to put upon the sensation of muscular 
tension, as the internal rectus muscles contract. This inter- 
pretation may be strengthened or antagonized by what other 
conditions suggest; and the estimate of distance on the com- 
bined median line is modified accordingly. The direction of 
the combined image is along this median, whether the visual 
axes be convergent, parallel, or divergent. 

If the conjugate pictures selected be the simplest possible, 
so that all kinds of perspective are eliminated except that due 
to stereoscopic displacement, there are still left three elements 
to consider, which can never be entirely dissociated. These 
are :— 

I. The optic angle, interpreted by the sensation of tension 
in the rectus muscles of the eyeballs. 

II. The focal adjustment, interpreted by the tension in the 
ciliary muscle encircling the crystalline lens. 

III. The visual angle, interpreted by recognition of the 
retinal area impressed. 

In normal vision, these elements conduce to the same visual 
effect without becoming separately manifested to the con- 
sciousness of the individual. In the stereoscope they may 
conflict among themselves; and the result is modification of 
judgment, attended with some uncertainty. 

Let us now assume the arms of our stereoscope to be so 
turned upon their pivot as to change the value of « from 
7° 20’ to 37° 20’, the interocular distance, a, being taken as 
64 millim. Applying our formula, we find D=10 centim. 
The focal adjustment, however, must still be for an image 50 
centim. distant, if distinct vision is attained. Strong contrac- 
tion of the internal rectus muscles is habitually associated with 
nearness of the point of sight, and accompanied with strong 
ciliary contraction. But in the present case the effort to 
secure distinct vision implies relaxation of the ciliary muscles, 
the effect of which is to suggest greater distance of the point 

* Le Conte, ‘Light, New York, 1881, pp. 218-269; or American 
Journal of Science, ser. 3, vol. 1. p. 83 et seg. 
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of sight than is suggested by the tension of the rectus muscles; 
and there is partial dissociation between actions generally 
associated. Finally, the visual angle has remained constant; 
and this tends to produce the idea of constancy in distance. 
Of the three elements, however, the first is found most impor- 
tant; and the combined effect is that the image appears 18 or 
20 centim. distant, the judgment being quite uncertain. The 
apparent area and depth of the external image are diminished 
approximately in the ratio of the diminished distance. 

Let the arms of the stereoscope be now pushed back till 
a=—5°. Relaxation of the internal rectus and contraction 
of the external rectus muscles is habitually associated with 
recession of the point of sight; and in this case it is carried 
beyond the limit of axial parallelism. But, again, the focal 
adjustment is for a point only 50 centim. in front; and the 
visual angle is constant. Of the three elements the last is 
now most important ; and the combined effect is that the image 
appears about 60 or 70 centim. distant, with corresponding 
increase in apparent area and depth. 

In the accompanying figure (fig. 1) IT have shown the result 
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of experiments conducted at ditterent times durmng the last 
few months. The stereoscope was manipulated by an assistant, 
who varied the optic angle in the most irregular order, record- 
ing its values and my corresponding estimates of distance, 
while I was kept ignorant of these records until the entire list 
of estimates had been completed. Six independent series, of 
eighteen estimates each, were made; and the curve A A’ ex- 
presses the mean result, the values of the optic angle being 
taken as abscissas and estimated distances as ordinates, the 
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true distance of the stereograph being 50 centim. D D’ is the 
curve whose equation is D=4acosec4a, the value of a being 
my interocular distance, 60 millim. As might be expected, 
the probable error is large, being about +8 millim.; and the 
curve A A’ is by no means regular, though its general import 
is unmistakable. It cuts the theoretic curve near the point 
corresponding to a=7° 20’, but rather lower than might have 
been anticipated. 

The stereograph employed was one of the full moon, the 
two pictures being of course cut apart, and so arranged as to 
produce conversion of relief, thus destroying any resemblance 
to known bodies; while objects for comparison were excluded 
from.the binocular field of view. All estimates of distance 
were for the foreground. Tor very large positive optic angles 
the dissociation between axial and focal adjustments becomes 
extremely difficult; and distinct vision at the distance of 50 
centim. is then impossible. For negative values focalization 
is comparatively easy; but beyond —6° the unaccustomed 
strain upon the external rectus muscles produces unsteadiness 
of vision. As limits, therefore, —5° and +45° were selected. 

Although such employment of the muscles of the eyes is 
unusual when carried to the extent implied in these experi- 
ments, and the disturbance of natural coordination is at first 
confusing, the use of the stereoscope nearly always necessi- 
tates such disturbance, to a limited extent, and is hence not 
unfrequently productive of discomfort. Most persons, how- 
ever, who possess healthy eyes will find it possible to secure 
binocular combination of the conjugate diagrams in fig. 2, if 
viewed in the stereoscope. Tor this purpose they are placed 
at the bottom of the page, which may be rested at the proper 
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distance in front of the semi-lenses of the stereoscope. When 
the lower pair are seen, by axial convergence, as a truncated 
cone, the upper pair are seen separately and monocularly, 
without the appearance of relief. For binocular combination 
of the upper pair divergence of visual lines is required, assu- 
ming an average pair of eyes and an average lenticular stereo- 
scope, at least as found in New York. The truncated cone 
now appears larger, deeper, and more distant. It is unneces- 
sary to explain why the background dot should appear double 
when the foreground circle is seen single, and vice versa. 

In the course of these experiments, extending over many 
months, it has been found that, although the coordination of 
muscular actions in the eyes is commonly directed only to the 
altainment of perfect vision, their dissociation is largely under 
the control of the will. Not only is it possible directly to 
diverge the visual lines without employing any external 
points of fixation, but I find it not difficult to contract the 
ciliary muscle strongly, thereby destroying the distinctness of 
distant vision, while the relation between the visual lines un- 
dergoes scarcely any noticeable variation. Certain peculiar 
visual effects result from this; but the discussion of them must 
be reserved at present. 


40 West 40th Street, New York. 
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Conic Sections treated Geometrically. ByS. HoLtKER Hastam, B.A., 
and J. Epwarps, B.A. London: Longmans. 1881. Pp. 137. 


HE authors start from the usual Focus and Directrix definition 

of the curve, and call to their aid what they call the Auwilhary 
Circle of a Point. This is the circle first used, so far as we are 
aware, by Boscovich in his Sectionwm Conicarum EHlementa (1754), 
but without a name: of its use he writes :—“Mirum sane quam 
feecunda est hee constructio, quam tyroni exercendo apta. Plu- 
rima quidem ex ea inferri possunt theoremata et pleraque utilissima, 
ac iterum foecunda.” Rediscovered by George Walker (1794), and 
named by him the Generating Circle, it has again come to the front 
in Mr. Charles Taylor’s book, and there poses as the Eccentric circle 
of a point. It certainly furnishes a very neat basis for operating 
upon the Sections; and its usefulness is extended in a neat way by 
our Authors to what they call Focal Projection. The first five chap- 
ters give the familiar properties of these curves; the sixth treats 
of curvature; the seventh of the Right circular cone; the eighth of 
Transversals leading up to the above-named Focal Projection in 
chapter nine, and Or thogonal Projection in chapter ten. Six sec- 
tions are devoted to Exercises at the end of the book. The proofs 
have a freshness about them dependent upon the introduction of 
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the Auxiliary circle, and are concisely and clearly exhibited. We 
have come across a few errata, which, however, the student will, 
we believe, easily be able to correct. 


Exercises in Analytical Geometry. By J. M. Dyzr, M.A., Senior 
Mathematical Master in the Classical Department of Cheltenham 
College. With Illustrations. Macmillanand Co. 1881. Pp. 152. 


The bare title of this book by no means does it justice. It is - 
certainly not a heterogeneous collection of examples, were it nothing 
more; but besides an excellent progressive arrangement and group- 
ing of exercises under the different sections of Analytical Geometry, 
there are some most valuable hints for solving the difficult problems 
interspersed among the answers, together with a number of figures. 
As a supplement to the best and well-known modern treatises on 
Coordinate Geometry, it will be useful to both beginners and more 
advanced students. 


———— 
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AN AMUSING EXPERIMENT WITH LIQUID FILMS. 
BY J. PLATEAU. 

HAVE sought to derive a little amusement from thin liquid 

films. I have had constructed of iron wire of about 0°5 millim. 
thickness the outline of a flower with six petals of oval form; these 
are each 24 millim. in length, and 19 millim. in their greatest 
width. The central ring, made of the same iron wire, to which 
they are attached, has a diameter of 14 millim.; it is supported 
beneath by a little fork, which is fastened to a thicker iron wire, 
forming the stalk of the flower; this last is implanted in a small 
board which serves as a support. All the petals are in the same 
plane; and when the board rests on the table the flower is hori- 
zontal. 

The whole contour of the flower was first slightly oxidized by 
keeping it for a few moments in dilute nitric acid; then, after 
washing it, it was immersed horizontally in the glycerine liquid, 
but only to a very little depth, in order to avoid the formation of 
a film in the fork; it was drawn out again, also horizontally, and 
was then turned up and the board placed upon the table. Finally 
the whole was covered over with a glass bell, to shelter the films 
from the slight agitations of the air. The apparatus was placed 
before a window so that the sky was seen by reflection from the 
films. 

I thought that the petals would soon present uniform tints, 
-which would gradually change, in accordance with the attenuation 
of the films; but 1t was not so. During the first moments the 
flower of course appeared colourless; then, upon each petal and 
the central circle, shades of rose and green of the last orders were 
seen to appear, which gave place to irregularly distributed bands 
and spots presenting tints of higher orders. The appearance was 
then that of a flower streaked with the most lively colours. These 
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were afterwards slowly modified; and ten hours after the forma- 
tion of the flower some small black spots were distinguished upon 
the metals. The observation had to be discontinued on account of 
the lateness of the hour; and the next morning several of the 
petals had burst. 

I ought to mention that the glycerine liquid which was used for 
this experiment was of very indifferent quality, perhaps because 
the oleate employed was not prepared with the requisite care, or 
because Price’s glycerine is nowadays not so pure as it was for- 
merly. But this may have been an advantage; for with an excel- 
lent liquid the modifications of the flower would have been too slow. 

If after withdrawing the flower from the liquid, and while all the 
petals are still colourless, they be successively burst in the middle 
by a wire heated in the flame of a spirit-lamp, a numerous series of 
brilliant little liquid masses are instantly seen attached to the 
entire metallic contour, which threads them like the beads of a 
necklace: their arrangement is very nearly regular; and there are 
fourteen of them to each petal. : 

I seize this occasion to insist on two precautions to be taken in 
making the oleate of soda, precautions indispensable if we wish to 
form good glycerine liquid. In the first place, the oleic acid ob- 
tained at one stage of the preparation must be most carefully pro- 
tected from the action of the oxygen of the air; in the second 
place, the sea-salt employed to separate the oleate at the end of 
the operations must have been pertectly purified. Let us add that, 
when the oleate is prepared, we must take care not to dissolve 1t 
in alcohol to render it more pure; I believe I have proved that, on 
the contrary, this spoils it. 

Let us, in conclusion, with respect to the experiment of the 
flower, mention a curious instance of persistence of impressions, 
an instance moreover which is not unprecedented*. My wile, 
whose eyes are very sharp, had observed the flower at different 
times during the day. Now, at her waking on the morrow, casting 
her eyes upon the white curtains of the bed, she saw the image of 
the flower: one of the petals was so clearly delineated that she 
distinguished even the wire forming its outline; the interior was 
striped with white and yeliow; the other petals were more or less 
indistinct. Changing the direction of her gaze caused the image 
to disappear.—Evtrait des Bulletins de V Académie Royale de Bel- 
gique, sér. 3, t. i. no. 7 (1881). 
PHOTOMETRIC COMPARISON OF SOURCES OF LIGHT OF DIFFERENT 

TINTS. BY A. CROVA. 

The exact measurement of the ratio of the intensities of two 
lights of which the emission-temperatures are very different pre- 
sents great difficulties, on account of the difference of composition 
of the two lights which are to be compared. The equality of inten- 
sity of either the shadows or the illuminated regions of the photo- 
metric screen cannot be exactly determined, because of the differences 

* See Stevelley, Z’ Institut, 1859, no. 1309, p. 38; Gorini, Ann. di 
Ottalm. t. iii. p. 164, 
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of their tints. The employment of a spectrophotometer permits 
this difficulty to be surmounted. 

Let us suppose the simple radiations which constitute the light 
emanating from an electric regulator and that from a standard 
Carcel lamp spread out in two contiguous spectra. If the distances 
of the two sources from the photometer be such that their mean 
illumination is the same, the two spectra will be far from present- 
ing the same aspect: that of the carbon poimts is more intense 
towards the violet extremity, and less luamimous towards the red, 
than that of the lamp. The temperature of emission of the electric 
light being much higher than that of the lamp, the ratio of the 
intensities of the simple radiations of the electric light to the in- 
_tensities of the corresponding lights of the spectrum of the flame 

of the lamp, will with equality of mean illumination, be represented 
by a fraction greater than unity towards the violet; but if the red 
be approached, the ratio will gradually diminish, following the law 
of continuity, and will be less than unity at the red end. 

There exists, then, a determinate simple radiation (whose wave- 
length depends on the nature of the lights compared) for which that 
ratio is exactly equal to unity. If this radiation be precisely known, 
the measurement of the ratio of its intensities in the two spectra 
will give evactly the ratio of the tctal intensities of the two sources. 

I have constructed a very simple apparatus which permits the 
practical realization of the theoretic conception of which I have 
just spoken. Let us illuminate the half-disks of the screen of a 
Foucault’s photometer with an electric light and that of a standard 
Carcel lamp: the two illuminated regions being placed tangentially, 
it is very difficult to judge of the equality of the illumination, one 
of the moieties having a bluish tint in comparison with the other, 
which appears to be of an orange-yellow ; and the standard lamp can 
be displaced within pretty wide limits without the eye being able 
to judge if equality of illumination is really obtained. 

Let us look at the screen, placing in front of the eye two Nicol 
prisms the cross sections of which are rectangular, and between 
which is placed, perpendicular to the axis, a quartz plate of 9 mil- 
lim. thickness. The eye then sees the two fields coloured of a 
green tint washed with white ; and if we vary the distance of the 
standard lamp, a moment arrives when, equality of intensity being 
obtained, the line of demarcation of the two fields disappears. A 
very slight variation of the distance of the lamp then suffices to 
give rise to a very sharp contrast between the two regions. . 

The thickness of the quartz plate has been calculated so that its 
interposition between the two rectangular nicols give rise, in the 
spectra of the two sources, to two large interference-bands situated 
in the two extremities of the spectrum. On passing from these 
two bands towards the middle of the spectrum, the intensity of 
the different preserved radiations varies as the square of the cosine 
of the angle made by the cross section of the second nicol with the 
planes of polarization of the different radiations, which have under- 
gone rotatory dispersion in the quartz plate. There is therefore 
one of them for which the square of the cosine is equal to unity, 
and which suffers no weakening. It is conceived that it is pos- 
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sible empirically to displace the second nicol (and thereby the two 
bands) so as to preserve the maximum of intensity to the simple 
radiation the comparison of which would give the same result as 
that of the total intensity. The neighbouring radiations are more 
and more rapidly weakened in proportion as their distance from this 
maximum increases; and this circumstance diminishes the influence 
of their differences of intensity (which increase with their distance 
from the maximum) to such a degree as to render then negligible. 

In practice the system of nicols and quartz plate is fixed in 
the body of a small telescope placed opposite to the screen of the 
photometer, upon the cone through the apex of which we view it. 
This instrument, constructed with much precision by M. Duboscq, 
tried with the Drummond light, an electric regulator or sun-light, 
comparatively with the standard Carcel, immediately gave very pre- 
cise results in spite of the difference of tint of those different 
lights.— Comptes Rendus de VAcadénue des Sciences, Sept. 26, 1881, 
t. xcill. pp. 512, 513. 

A NEW DEMONSTRATION OF RIEMANN’S THEOREM. 
BY M. CROULLEBOIS. 

M. Clausius* has presented Riemann’s theorem as a consequence 
of Green’s formula; that important proposition can be demonstrated 
more directly. The theorem is thus enunciated by Clausius :— 

Gwen two conducting bodies A and B, which may either be insu- 
lated or connected with the earth by a conductor; in the vicinity of 
these let there be any number whatever of other conducting bodies put 
into communication with the earth by means of conductors. While B 
is in communication with the earth and A is insulated, this latter body 
is charged with electricity up to a certain potential-level K. Let Qs 
be the quantity of electricity accumulated by influence upon B under 
these circumstances. A ws afterwards put into communication with 
the earth, while B is insulated and charged with electricity to the 
same potential-level K. Let Q? be the quantity of electricity accumu- 
lated upon A by influence wnder these circumstances. We shall have 

Qe = Q%. 

Let the two conductors A and B be initially accompanied by any 
number of conductors, all connected with the earth—that is to say, 
at the potential zero. Let us insulate A and bring it to the poten- 
tial V,; the effect of this mcrease of potential will be to raise the 


charge of A from 0 to Q7, and to induce charges upon the other 


conductors, and in particular upon B the charge Q¥; we can put 

OT ON) a__ fia 

BSCR oe ll OCR 
(“ being the capacity of A, and C; the coefficient of induction of A 
upon B. at ae sue 

Let us discharge A by putting it into communication with the 
earth, and bring it to the potential V,; there comes im like manner. 
in this second state of equilibrium, for the charges acquired upon 
B and induced upon A:— 
b__ (oy b__ oy 
Qy=C;\ 2? aC a 2? 


* Théorie Mécanique de la Chaleur, t, ii, pp. 38-44. 
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C® being the capacity of B, and C® the coefficient of induction of B 
upon A. We have to demonstrate that C]7=Cj. Let us superpose 
these two states of equilibrium, characterized by the charges M, and 
M, upon the conductors A and B: 
M,=C7V, + C2V, 3 ; ee (1) 
M,=O;V,+C2V.. 
The actual electrical energy W of the system is, by equations 
(1) of the form 
Wi = 2 SMV =7(V) Ft. V Vs) eee (2) 
Let us now subject the system to an infinitesimal deformation 
by producing, for example, a very slight relative displacement of 
the conductors. The charges will not change; the potentials alone 
will vary ; and the corresponding variation of the energy will be 
eee) grantee 4 
Therefore 3M, and $M, are respectively the partial differential 
coefficients of the function W with respect to the potentials V, and 
V,. Differentiating, therefore, (2) with respect to V,, one finds 
for the dev elopment of M, 
2rV,4+iV,; 
in the same way, differentiating with respect to V,, one finds for 
the eae of M, 


iV +2sV,. 
itnally, comparing these aegis with the equations (1), it is seen 
that C2— Cy 


which was to be demonstrated.—Compites Rendus de 1 Académie des 
Sciences, Nov. 7, 1881, t. xciii. pp. 719, 720. 


ANOTHER CONFIRMATION OF PREDICTION. 
BY PLINY EARLE CHASE, LL.D. 

On the 4th of October, 1878, I presented a communication to 
the American Philosophical Society*, in which I showed that the 
position of Watson’s first intra-Mercurial planet, as computed by 
Gaillot and Mouchez, represented the third intra~Mercurial term 
of my harmonic series. At the last meeting of the British Asso- 
ciation, Prof. Balfour Stewart read a paper, in which he gave indi- 
cations of sun-spot disturbances by a planet revolving in 24:011 
days, and consequently having a semiaxis major of 163. This con- 
firmation, both of my own prediction’ and of the calculations of the 
French astronomers, is the more interesting, because the first con- 
firmation of my series was contained in a communication which 
was made to the Royal Society by Messrs. De La Rue, Stewart, and 
Loewy, forty-one days after I had announced the series to the Phi- 
losophical Society and published it in the ‘New York Tribune’ 
The accordances are as follows :— 


Prediction. Confirmation. 
c Rp ae 
Ist interior harmonic term °267 Set oe art, 267 
: Gaillot and Mouchez :164 
8 i Z Eee { Stewarl< 2 o/c a 163 


* Procceedings, xviil, pp. 34-86. + Tbid. xiii. p.238. — { Ibid. p. 470. 
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BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, aa 
22 ALBEMARLE STREET, LONDON, W. | 


The next ANNUAL GENERAL MEETING will be held at YORK, 
commencing on WEDNESDAY, August 31. 


President-Elect, 
SIR JOHN LUBBOCK, Bart., M.P., D.C.L., LL.D., F.RS., F.LS., F.G.S. 


Notice to Contributors of Memours:—Authors are reminded that, under an 
arrangement dating from 1871, the acceptance of Memoirs, and the days on which ~ 
they are to be read, are now, as far as possible, determined by Organizing Commit- 
tees for the several Sections before the beginning of the Meeting. It has therefore 
become necessary, in order to give an opportunity to the Committees of doing ~ 
justice to the several Communications, that each Author should prepare before- 
hand an Abstract of his Memoir, of a length suitable for insertion in the pub- 
lished Transactions of the Association, and the Council request that he will send 
it, together with the original } Memoir , by book-post, on or before August 1, 
addressed thus:—“ General Secretaries, British Association, 22 Albemarle Street, 
London, W. For Section.......... ” Authors who comply with this request, 
and whose Papers are accepted, will be furnished before the Meeting with printed 
copies of their Reports or Abstracts. Ifit should be inconvenient to the Author 
that his Paper should be read on any particular days, he is requested to send 
peomaien thereof to the SECRETARIES in a separate note. 

G. GRIFFITH, Acting Secretary, 
Harr ow, Middlesex. 
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Errata in Ne. 7 5 (October 1881). 


_ Page 801. In the title of Mr. A. Gray’s letter, for “Number of “Mccwonne ‘ ae 


Units in the Electromagnetic Unit of Electromotive Force,” read “ Number 
. of Electromagnetic Units in the Electrostatic Unit of Hicetromonee Force.” 


Page 304, lines 9 to 13, In the values of Rtana given in the Te from 
Mr. Shida’s report, esert the factor 10°. ~ 


GOVERNMENT GRANT OF £1000. 

A Meeting of the Government-Grant Committee will be held in February 
1882. Itis requested that applications to be considered at that Meeting be 
forwarded to the Secretaries of the Royal Society, Burlington House, before 
the 5lst of December, 1881. 


TAYLOR’S SCIENTIFIC MEMOIRS. 
eh 6, containing the following important papers—M. Meriont on the 
Polarization of Heat, C, F. Gauss on the General Theory of Terrestrial Mag- 
netism, W. Weezer on the Bifilar Magnetometer, Dr. SCHLEIDEN on Phyto- 
genesis, having been reprinted, a few complete Sets are now on sale, price £6 10s. 
TAYLOR and Francis, Red Lion Court, Fleet Street, H.C. 


Royal 4to, cloth boards, price. £1. 
FACTOR TABLE FOR THE FIFTH MILLION,. 
CONTAINING THE 


LEAST FACTOR OF EVERY NUMBER NOT DIVISIBLE BY , 3, or 5 
BETWEEN 
4,000,000 and 5,000,000. 
By JAMES GLAISHER, F.R.S. 


Uniform with the above, 
ee TABLE FOR THE FOURTH MILLION, 
Price £1. 


Taytor and Francis, Red Lion Court, Fleet Street, E.C. 


New Edition, price ls. 


TABLE OF CORRECTIONS FOR TEMPERATURE 
to Reduce Observations to 32° Fahrenheit for Barometers, with Brass Scales 
extending from the Cistern to the top of the Mercurial Column. 
By JAMES GLAISHER, F.R.S. 


‘Tayzor and Francis, Red Lion Court, Fleet Street, H.C. 
THE LONDON, EDINBURGH, AND DUBLIN 


_ Philosophical Magazine and Journal of Science. 


A Journal devoted to Physics, Astronomy, Mechanics, Chemistry, Mineralogy, 
and the Allied Sciences. “Monthly, price 2s. 6d. 
Complete sets (in Numbers) may be obtained at the following prices :-— - 
“A set of the First Series, from 1798 to 1826 (wanting a few plates), in 68 
volumes. Price £15. 
The Second Series, from 1827 to 1832, in ]1 volumes. Priee £2 4s. 
The Third Series, in 37 volumes, from 1832 to 1850. ,, £6. 


TAYLOR and FrRANcIs, Red Lion Court, Fleet Street, E.C. 


The Annals and Magazine of Natural History. 


Including Zoology, Botany, and Geology.—Monthly, price 2s. 6d. 
Complete sets (in Numbers) may be obtained at the following prices :— 


The First Series, in 20 volumes, from 1838 to 1847. Price £10. 
The Second Series, in 20 volumes, from 1848 to 1857. .,, £10. 
The Third Series, in 20 volumes, from 1858 to 1867. Pate 5 De 


TayLor and Francis, Red Lion Court, Fleet Street, E.C. yi 
[ADVERTISEMENTS continued on 3rd page of Cover. 


wisthee PF * 


Wee a 2 


i Whine) 


_ DECEMBER 1881.  =——No.77._— 


li —s- Published the First Day of every Month.—Price 2s. 6d. 


LONDON, EDINBURGH, ayp DUBLIN a 
PHILOSOPHICAL MAGAZINE, 
| AND | 


| JOURNAL OF SCIENCE. 


Being a Continuation of Tilloch’s ‘Philosophical Magazine, 
Nicholson's ‘Journal,’ and Thomson's ‘Annals of Philosophy.’ 


i CONDUCTED BY 


SIR ROBERT KANE, LL.D. F.R.S. M.R.LA. E.C.S. 


| SIR WILLIAM THOMSON, Kyr. LL.D. F-RS. de. = 
i] AND ; PN 
| WILLIAM FRANCIS, Px.D. F.L.S. F.R.A.S. F.C.S8. 


FIFTH SERIES. — : 


N°’ 77.—DECEMBER 1881. 


LONDON: 


' PRINTED BY TAYLOR AND FRANCIS, RED LION COURT, FLEET STRERT, 


4} Sold by Longmans, Green, Reader and Dyer; Kent and Co.; Simpkin, Marshall and 
i Co. ; and Whittaker and Co. ;—and by A. and ©. Black, and Thomas Clark, Hdin- 
1 burgh; Smith and Son, Glasgow :—Hodges, Foster and Co., Dublin:—Putnam, 

‘New York :—and Asher and Oo., Berlin. , 
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LECTURE ARRANGEMENTS BEFORE EASTER 1882. 


Lecture Hour, THREE 0’CLOCK P.M. 
CuHRisTMAS LECTURES. 


RoBERT STAWELL Batt, Esq., LL.D., E.R.S., Andrews Professor of ‘Astro~ | 
nomy in the University of Dublin, and Royal Astronomer of Ireland.—Six Lec- 
tures (adapted to a Juvenile Auditory) on “‘ The Sun, the Moon, and the Planets ” 


(with illustrations by the electric light &c.), on December 27 (Tuesday), Dec. 29, 
31, 1881; January 38, 5, 7, 1882. 


THE FULLERIAN PROFESSOR OF PHysi0LoGy, R.I.—Eleven Lectures, on Tues- 
days, Jan. 17 to March 28. . 


Henry N. Mosezery, Esq., M.A., F.R.S.—Four Lectures on Corals; on 
Thursdays, Jan. 19, 26, and Feb. 2, 9. 


Puitie Luriey Scuater, Esq., M.A., F.R.S., F.LS., Ph.D., Secretary of 
the Zoological Society.—Four Lectures on the Geographical Distribution of 
Animals; on Thursdays, Feb. 16, 23, and March 2, 9. 


Professor TynpauL, D.C.L., F.R.S., M.R.£—Three Lectures, on Thursdays, 
March 16, 23, and 30. 


Ernst Paver, Esq., Principal Professor of the Pianoforte at the National 
Training School for Music.—Four Lectures on Louis van Beethoven (with Ilus- 
trations on the Pianoforte) ; on Saturdays, Jan. 21, 28, and Feb. 4, 11. 


Wiiii1am Watkxiss Luoyn, Esq., M.#.L.—Four Lectures on the Language, 
Mythology, Construction, and Characteristics of the Iliad and Odyssey; on 
Saturdays, Feb. 18, 25, and March 4, 11. 


Three Lectures; on Saturdays, March 18, 25, and April 1. 


Subscription (to Non-Members) to all the Courses during the Season, 
Two Guineas. Tickets rssued daily. 


Members may purchase not less than Three Single Lecture Tickets, available 
for any Lecture, for Half-a- Guinea. 


The Friday Evening Meetings will begin on January 20th, at 8 o’clock p.m. 
Dr. Wm. Huggins will give a Discourse on Comets, at 9 p.m. Succeeding 
Discourses will probably be given by Mr. R. S. Poole, Professor Odling, Pro- 
fessor Frankland, Professor J. G. McKendrick, Captain Abney, Mr. A. Tylor, 
Mr. J. W. Swan, Professor W. E. Ayrton, Mr. Wm. Spottiswoode, and other 
gentlemen. To these Meetings Members and their Friends only are admitted. 


Persons desirous of becoming Members are requested to apply to the Secretary. 
When proposed, they are immediately admitted to all the Lectures, to the Friday 
Evening Meetings, and to, the Library, and Reading Rooms; and their Families 


- areadmitted:to the Lectures at a reduced charge. Payment:—First Year, Ten 


Guineas; afterwards, Five Guineas a Year; or a composition of Sixty Guineas. 


Now ready, Price 6d., post-free 7d., 
TAYLOR’S CALENDAR OF MEETINGS 


OF 

THE SCIENTIFIC BODIES OF LONDON 
FOR 1881-82. 

TAYLOR and Francis, Red a1 55 E.C. 
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